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LESSON  1 

In  this  lesson  you  should  learn: 

1.  To  identify  the  purpose  of  this  course. 

2.  To  use  these  lesson  materials  properly. 


LESSON  1 


Each  of  the  lessons  in  this  course  starts  out  with  a  page  which 
identifies  the  purpose  of  the  lesson,  like  the  one  that  you  have  juat 
read.  When  you  start  each  lesson  you  should  read  the  introductory 
page  carefully.  If  you  know  why  you  are  reading  the  lesson,  you 
will  be  better  able  to  decide  what  parts  of  the  lesson  are  most  im¬ 
portant  to  remember. 

For  some  technicians  this  will  be  a  review  course  because  it 
deals  with  troubleshooting  the  Fine  Grain  Data  Section  of  the  AN/FST-2. 
The  primary  purpose  of  this  course  is  to  teach  you  to  carry  out  the 
initial  steps  of  Fine  Grain  Data  Section  troubleshooting  in  the  most 
efficient  manner.  This  course  will  be  concerned  with  all  of  the 
troubleshooting  activities  that  must  go  on  before  you  turn  to  the  os¬ 
cilloscope  and  begin  troubleshooting  within  the  cabinets  of  the  Fine 
Grain  Data  Section.  This  is  called  Phase  I  troubleshooting. 

Within  each  of  the  lessons  in  this  course  you  will  find  several 
participation  exercises  like  the  one  on  the  next  page.  Each  of  these 
participation  exercises  will  be  set  off  by  a  line  which  is  drawn  around 
the  exercise.  The  purpose  of  these  exercises  is  to  help  you  learn 
the  material  that  you  have  been  reading  about  just  before  the  exercise. 
When  you  come  to  one  of  these  exercises  in  the  book,  do  the  exercise 
immediately,  and  do  your  very  best  to  answer  any  question  correctly. 


Now  do  the  exercise  below  and  then  follow  the  instructions  at  the 
end  of  the  exercise  which  tell  you  to  turn  to  your  ANSWER  book. 


Write  your  answer  to  this  question  in  the  space  below 
the  question. 

What  is  the  purpose  of  this  course  ? 


Now  turn  to  Page^^in  your  ANSWER  book. 
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This  textbook  is  arranged  so  that  you  can  do  most  of  the  work 
without  any  help  from  an  instructor.  In  this  lesson  you  are  learning 
how  to  use  the  textbook  properly.  You  have  just  learned  how  to  use 
the  cover  sheet  for  each  lesson  and  how  to  do  the  participation  exer¬ 
cises, 
e 

In  this  textbook,  LESSONS  2,  3,  4,  5,  and  6  will  teach  you  some 
useful  general  facte  about  troubleshooting  complex  electronic  equip- 
•  ment.  In  these  lessons  you  will  also  learn  about  a  strategy  for 

troubleshooting  which  you  can  use  with  almc^t  any  complex  electronic 
equipment.^  After  you  have  finished  these  lessons  you  will  go  on  to 
the^ast  four  lessons  in  the  textbook.  These  four  lessons  will  teach 
you  how  to  apply  the  troubleshooting  strategy  to  the  beginning  steps  in 
troubleshooting  the  Fine  Grain  Data  Section  of  the  AN/FST-2. 

*  You  should  not  attempt  to  do  all  of  the  lessons  in  this  course  in 
one  day.  You  may,  if  you  wish,  do  one,  two,  or  three  lessons  a  day; 
but  you  should  never  attempt  to  do  more  than  three  lessons  in  one  day. 
You  may  wait  one  day  or  several  days  between  lessons.  Whether  you 
wait  only  one  day  or  whether  you  wait  several,  however,  you  should 
alwa^  briefly  review  the  last  lesson  you  studied  before  starting  a  new 
one.  Further,  you  should  review  any  lesson  that  you  have  already 
studied  at  any  time  you  feel  you  would  like  to  do  so.  In  between  lessons, 
you  should  attempt  to  apply  what  you  have  learned  when  you  are  work¬ 
ing  on  the  job.  ^ 

At  the  end  of  each  lesson,  there  is  a  test.  These  tests  are  dif¬ 
ferent  from  participation  exercises.  You  will  know  when  you  are 
taking  a  test  because  each  test  is  labeled.  Thus,  the  following  test  is 


labeled  Test  A.  The  purpose  of  these  tests  is  to  find  out  whether  or 
not  you  are  ready  to  go  on  to  the  next  lesson.  You  should  take  each 
of  these  tests  without  looking  back  at  the  material  in  the  text^ok. 

Then  you  should  turn  to  the  ANSWER  book  and  score. your  own  tests. 

You  will  find  instructions  in  the  ANSWER  book  telling  you  how  to  ! 

score  your  tests.  If  you  answer  every  question  in  a  test  correctly,  ;  ^ 
then  you  will  know. that  you  are  certainly  ready  to'go  on  to.the  iiiextii /V  •'  .  - 
lesson.  If  you  answer  any. test I'question.  incorrectly,  you  wili'find^' 
instructions  in  the  ANSWER'book  telling  you  what.i^to  do  to  getSready.  .  .•  •efcT't* 

to  go  on  to  the  next  lesson.  Sometimes  you  will  be  told  to  review  ' 
some  of  the  material  in  the^tiextbook  if  you  miss  a'test.questibhv.^ 
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Turn  to  Test  A  on  the  next  page.- 
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TEST  A 


Question  1 

What  is  the  purpose  of  this  course?  (Write  your 
answer  in  the  space  below). 


Turn  to 
answer. 


in  your  ANSWER  book  and  score  your  own 


Question  2 

How  quickly  should  you  do  the  lessons  in  this 
textbook  ? 


/  • 


I  Turn  to  Page^^in  your  ANSWER  book  for  the  correct  answer. 
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LESSON  2 


In  this  lesson  you  should  learn: 

1.  To  interpret  a  CD,  aQ  .  ^ 

when  they  are  used  in  a  troubleshooting 
diagram  of  a  system. 

2.  To  draw  a  diagram  of  a  simple  system 
using  boxes,  circles,  and  arrows. 


I 


' In  order  ;tb,t.alk- about  troubleshooting -withpih  using* an  actual 
piece.of  equipment  for'demonstration,  we  nepd  a  wax;  to  describe  cpm- 
•plex  equipment  lilce'the  T-2  intPchematic  fdrm^ohi^per.  Therefore’; 
before  beginning  the'' refresher  training  about' tr'oul>ieshooting,  let  us 
•  review  a  method  by  which  systems  like  the  T- Aan  be  described  ^ 
schematically  in  a  way  that  is  very  useful  for  troubleshooting  purposes. 

^et  us  start  out  by  tal^it$  ^out  a  very  sim'pl^kind  of  system  with ' 
which  you  are  likely  to  be  famUiar  and  which  involves  no  electronics 

»  -A  _ _  A. •  _  A  A  _  L  * J  .  . 


at  all.  Let  us  assume  tha^our  sy^em  is  ff  factd^y  which'  produhes  #  ’ 
baseball  bats.  Tins  factory  uses  unfinished^umber  as  raw  material. 
That  is,  the  input  to  thin^ystemtis  unfftished  pieces  of  wood  of  vari- 
00*1  s^es.  The  output  is  finished  Ineeball  ^ts.  We  co^d  picture  this 
system  as  shown  here.  a 


.  a;  •'!  I  ■ 
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Now  let  us  further  assume  that  this  factory  is  really  made  up  of 
a  series  of  shops  which  are  connected  by  hallways  as  shown  in  the  fig¬ 
ure  below. 
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In  this,  arrangement  each  shop  accomplishes^ oh'e^of^the  functiqns/0rj..«|.  ..  f 
manufacturing  operations  necessary,  to 'chalnge^it^erraw^luml^'r  in|^  the 
final  product;  These^8hop8^.are‘8o  arranged>that^.when'the;  first^prb-*^ 
cess  is  finished  the  material  is  passe'd  omthrough  ihe.hhllw^y  to  the  . 

■  '■ -Ti....  J....  V  •  f  ■  ‘  ■**.^-.  .'-  *  t  •  .  /j  ^  t  *  ‘  w**...  •'*  "  • 

next  shop  where  the  nejtv-m.anufacturing.operatioh  takef  place^'shd.so  .«  ' 
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on  in  a  series^rrangenient  until  the  finished  product'comes-'out  at  «  • 

/  '  u:’'::  •  •.•■'  •  r‘;  ■■'.■'■  '  •••  '■  ’  ■  ••  ■  .  .  • 

the  end;  .•'  I-,..-  ••,.  •  ■■'*"  «■•.  .  '  ’  :  ’■ 

In  this  arrangement  of  shopagand  hallways  a  specific  manufactur-  ' 
ing  function  Is^agcomplished  in  one  shop,  and  when  the  proc'ess'Jhas. 
been  applied. to'a  piece  of  material  it  is  passed  through  the  hallway  to  . 
the  next  shop.  Thus,  no  processing  is  accomplished  in  the  hallway; 
the  material  is  simply  passed  on  through  the  hall  to  the  next  shop.  , 

You  can  see  with  this  arrangement  that  if  the  first  shop  in  the  se¬ 
quence  turns  out  faulty  materials  or  fails  to  turn  out  materials  at  the 
proper  rate,  every  other  subsequent  shop  will  be  affected.  Now  sup¬ 
pose  we  want  to  monitor  the  manufacturing  process  to  deterniine 
whether  or  not  everything  is  going  well.  We  could  do  this  by  keeping 
track  of  the  final  output  of  the  last  shop  in  the  line,  and  so  long  as . 
baseball  bats  of  good  quality  come  out  of  the  last  shop  at  the  proper 
rate,  we  would  know  that  the  whole  System  were  operating  properly. 
However,  if  we  observe  that  the  final  output  is  bad,  then  we  must  have 
some  way  of  locating  the  source  of  trouble.  In  this  system  a  good 
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way  to  provide  for  locating  the  source  of  trouble  would  be  to  provide 
windows  or  inspection  points  at  each  of  the  hallways.  The  hallways 
would  be  a  good  place  to  look  because  the  materials  will  not  be  under¬ 
going  processing  in  the  hallways  and  it  will  therefore  be  relatively 
easy  to  describe  what  the  materials  should  look  like  at  those  points. 

In  the  figure  below  we  have  added  these  windows  or  inspection  points 
by  drawing  a  circular  window  at  each  hallway. 
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?;*^''!tlf/.we'*..cah.  define  what  the  materials  should  look  like  at  each  of 
thes'e.'inspection  points,  we  will  be  able  to  troubleshoot  this  manufac- 
tiir.in'^  'systeni  without  being  concerned  about  what  takes  place  in  each 
of.  the-'sho'ps  because  we  are  able  to  tell  from  the  inspection  points 
what  i's:*going  into  each  shop  and  what  is  coming  out.  It  is  obvious  that 
this  arrange'meiit  of  shops  and  inspection  points  makes  it  quite  simple 
to  telLwI^ch  shop  is  malfunctioning.  However,  it  is  a  lot  of  bother  to 
draw  a' picture  with  as  much  detail  as  the  one  shown  above.  It  is  sim- 
V pier  to’ use' plain  boxes  to  stand  for  the  subsystems  or  functions,  and  to 
use'.'plaih^ circles  to  stand  for  the  inspection  points  or  indicators,  and 
to  use  lines  and  arrows  to  show  the  flow  from  one  subsystem  to  the 
next.  Thus  we’can  very  easily  describe  this  manufacturing  system 
with  boxes',  circles,  lines,  and  arrows  as  we  have  done  in  the  figure 
shown  on  the  next  page. 


t  r  r  t  r 


raw  wood  cut  Mioctod  length  rough  hots  finithtd 

lumber  to  length  turned  bott 

to  rounds 

In  this  training  session  we  will  describe  electronic  systems  using 
boxes,  circles,  lines,  and  arrows  in  the  same  way  that  they  have  been 
used  to  describe  the  baseball  bat  manufacturing  system.  Circles  will 
be  used  to  represent  Instruments  that  are  used  to  read-out  or  inspect 
the  operation  of  the  system  at  the  places  where  the  circles  are  put  in 
the  diagram.  For  example,  in  describing  the  T-2,  we  will  use  circles 
to  indicate  the  places  where  we  can  use  the  PPI,  RAPPI,  or  a  meter 
to  inspect  the  signal  which  flows  between  two  functions.  You  should 
note  that  a  circle  is  used  not  only  to  stand  for  an  instrument  which 
displays  the  signal  between  two  subsystems,  but  also  to  identify  the 
place  at  which  an  instrument  is  inserted  in  order  to  inspect  the  signal. 


(a)  What  does  O  stand  for  in  a  system  diagram? 


(b)  What  can  you  tell  from  the  location  of  a  circle 
in  a  diagram? 


Turn  to  Page^^in  your  ANSWER  book. 
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We  will  use  boxes  in  these  lessons  to  identify  subsystems  which 
carry  out  some  necessary  function  within  the  T-2.  For  example,  we 
will  use'  a  box' to ‘Stand  for  a  Quantizer  function,  and  a  box  to  stand  for 
a  Register’tfuhctidn,-.'.  It  is  important  to  know  that  the  boxes  in  this  sort  ,  /' 


\  •  \  •  • 
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r,ythat 
ii.i  hot S 
3  do  riot  •' 


for' .. 
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will  not  ha 
carries  out  the  function 


Turn 


to  Page  in  your  ANSWER  book. 


Occt  /'.‘.c'.'.-.-'.o  Copy 


Suppose  you  have  been  troubleshooting  a  radio, 
and  that  you  have  isolated  the  trc^bje  to  the  fund-.  . 
tion  described  by  the  box  below.  The.  correct-.in-  ■  .■  . 

puts  and  outputs  are  s.Ho'wn.jin^.thd]^d.lagr’ato>^ 


115  volts  AC 
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Turn  to 


in  your  ANSWER  book 


Turn  to 


Your  automobile  will  not  run  smoothly,  and  you 
have  decided  to  find  the  cause  and  fix  it.  To  help 
you  with  your  troubleshooting,  you  have  a  diagram 
which  describes  the  automobile  in  terms  of  the  func¬ 
tions  that  go  on  when  it  is  operating  properly.  Using 
this  diagram,  you  have  run  through  a  troublestooting 
procedure.  As  the  result  of  that  procedure,  you 
have  guessed  that  the  function  shown  below  is  BAD. 


(a)  Describe  in  your  own  words  the  bad  function 
(the  function  that  is  described  by  Box  A  below). 


I 


(b)  Can  you  tell  the  name  of  the  hardware  or  part 
that  carries  out  the  function  described  by  the 
box? 


(c)  If  you  were  sure  that  the  function  carried  out  by 
Box  A  were  BAD,  what  would  you  do? 


Page  in  your  ANSWER  book. 
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You  can  see  that  a  typical  schematic  diagram  of  a  system  which 
used  symbols  like  this  -Wv-  *jl|P  'WWT'  is  intended  to  des¬ 
cribe  the  hardware  in  the  system,  and  that  such  a  diagram  can  be 
used  to  describe  a  system  sitting  on  a  shelf.  On  the  other  hand,  a'  '  . 

diagram  in  terms  of  circles  and  boxes  is  used  to  describe  the  way.'a'j  "  ■ 
system  of^erates  by  identifying  the  functions  that  take  place  within  the  ; 
system  when  it  is  operating  properly. 

tyherf  you  describe  the  way  a  system  operates  using  boxes.fdr 
functions  and  circles  to  indicate  read-outs,  you  must  also ;tell- how  the 
functions  are  related  to  each  other.  That  is,  you  must  tell  which 
functions  occur  first,  which  occur  later,  and  which  functiqns'-feed  in- 
formation  or  power  to  other  functions.  The  relationships  am6ng*func- 
tions  are  described  by  arrows  which  connect  related  boxes;  /Thus,, 
arrows  are  used  to  show  the  direction  in  which  an  output -is,  going,  .or  ;  ;  .  ■ «. 
in  other  words,  the  direction  of  the  data  flow.  The  arrows ‘dp -not-  '' 

•  •  -  Ca  -  ■  '  ■  »  or.;.. 

stand  for  cables  or  wires  because  a  functional  description pf.aosystem  ■ 
in  terms  of  boxes  is  not  a  description  of  the  hardware.  •  A- functional. .V 
description  tells  what  takes  place  in  the  operating  system*.' . oo 

Because  circles  stand  for  read-outs,  and  because  read-'outs^r^e«.  .t«i  * 
always  placed  on  the  arrows  which  connect  boxes,  it  is  jiec'ess,ary“ihta' 
troubleshooting  diagram  to  label  all  of  the  arrows  so  thaCypif'k'nbwo 
what  information  you  are  reading  out  when  you  use  an  indicator  ’that’ is 
.on  an  arrow.  •  •  ••  „■  '  . 


I 


I 


Look  at  Diagram  7-1  in  yoc’’  i'lYGRAM  book  ,  ; 

•  now.  This  is  an  exampl^of  a  troubleshooting 
diagram  of  a  system  (part  of  the  AN/FST-2) 

is  drawn  using  circles,  boxes,  and  arrows.  , 


, .  * 


The  method  of  describing  a  system,  such  as  that  shown  in  Diagram 
7-1,  looks  like  a  "block  diagram".  It  is  really  different  from  a  block 
diagram,  however.  In  a  troubleshooting  diagram  like  Diagram  7-1,  it 
is  not  necessary  to  label  the  boxes  as  in  a  block  diagram;  but  it  is 
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&  !X  *•  '  “  /  ’•V  *.-'  •  ' 


I  Jvf 


Turn  to  Page®  in  your  ANSWER  book. 
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TEST  B 


Queition  1 

What  doe*  a  O  repreient  in  a  ayatem  diagram? 


Turn  to  Page 
Queation  2 


in  the  ANSWER  bo<A  and  acore  your  own  anawer. 


What  doea  a  O 


repreaent  in  a  ayatem  diagram? 


Turn  to  Page  ©  iii  the  ANSWER  book  and  acore  your  own  anawer. 
Queation  3 

An  arrow  in  a  ayatem  diagram  atanda  for _ 


Turn,  to  Page  in  the  ANSWER  book  and  acore  your  own  anawer. 


TEST  B 


Identify  all  of  the  aubsyatems  in  the  ayatem  below 
by  numbering  them. 


to  in  the  ANSWER  book  and  acore  yoor  own  anawer. 


TEST  B 


Quaitkw  5 


Identify  ell  of  the  inepection  pointe  in  the  eyetem 
below  by  piecing  e  letter  et  eeeh  one. 


e 


\ 


Tom  to  Pefe@  in  the  ANSWER  book  end  eecMre  ywKt  own  eneim?. 


TEST  B 


Qaeition  6 

Uiing  only  box«s«  circlet,  and  arroara,  draw  a 
diagram  for  a  ayatem  with  a  tingle  ayatem  input; 
two  aubayatema;  and  two  indicatora,  one  for  each 
aubayatem  output;  and  a  tingle  ayatem  output. 


Tom  to  P«g«0  in  the  ANSWER  book  and  acore  your  own  anawer 


TEST  B 


Queition  7 

Uiing  only  boxes,  circles,  and  arrows  draw  a 
diagram  for  an  imaginary  system  which  has: 

(a)  A  video  input  to  a  video  data  quantizer. 

(b)  Provision  for  a  PPI  display  of  the  quan¬ 
tizer  output  (shaped  video)  which  goes  to 
a  video  mapper. 

(c)  A  mapped  video  output  from  the  video 
mapper  which  can  be  displayed  on  a 
PPI-2. 

(d)  LABEL  the  figure  you  draw  completely. 


Turn  to  in  the  ANSWER  book  and  score  your  own  answer. 
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LESSON  3 


In  this  lesson  you  will  learn: 

1 .  How  to  define  three  phases  of  trouble¬ 
shooting  in  terms  of  where  each  phase 
starts  and  stops. 

2.  A  troubleshooting  strategy  which  you 
will  be  able  to  apply  to  find  a  malfunc¬ 
tion  in  any  phase  of  troubleshooting. 

3.  How  to  apply  the  troubleshooting  strat¬ 
egy  to  a  troubleshooting  diagram  com¬ 
posed  of  the  symbols  you  learned  about 
in  the  last  lesson. 


LESSON  3 


Thii  course  has  to  do  with  corrective  maintenance.  That  is,  it 
has  to  do  with  troubleshooting  the  Fine  Grain  Data  Section  of  the  T>2 
when  this  section  fails  during  normal  operation.  Troubleshooting  the 
Fine  Grain  Data  Section  starts  when  there  is  evidence  of  a  malfunction 
in  an  operational  channel.  For  example,  troubleshooting  might  be  ini¬ 
tiated  by  a  call  from  the  DC  reporting  that  the  information  being  re¬ 
ceived  appears  to  be  wrong  or  garbled.  Again,  the  need  for  trouble¬ 
shooting  might  be  indicated  by  the  sounding  of  a  warning  bell.  What¬ 
ever  signal  starts  the  troubleshooting,  it  will  be  an  indication  that 
corrective  repair  is  required  in  the  Fine  Grain  Data  Section  in  order 
to  return  the  channel  containing  the  malfunction  to  an  operational 
status  as  soon  as  possible. 

Once  it  has  been  started  by  such  a  signal,  troubleshooting  of  the 
Fine  Grain  Data  Section  must  continue  until  the  source  of  the  trouble 
is  located  and  the  malfunctioning  component  is  replaced  with  a  good 
component.  Frequently  in  the  case  of  the  AN/FST-2  this  will  mean 
replacing  a  bad  logic  card  with  a  good  one.  Troubleshooting  of  the 
Fine  Grain  Data  Section  itself  is  ended  when  the  bad  component  has 
been  replaced  by  a  good  one  and  the  system  is  once  again  in  operation. 

The  above  description  of  AN/FST-2  troubleshooting  is  typical  of 
the  way  troubleshooting  starts  and  ends  for  almost  any  complex  elec¬ 
tronic  equipment.  For  any  equipment,  troubleshooting  is  initiated  by 
a  signal  which  indicates  that  corrective  repair  or  adjustment  of  the 
system  is  required.  That  signal  may  or  may  not  contain  information 
which  will  help  identify  the  source  of  the  trouble;  but  it  will  tell  you, 
at  the  very  least,  that  something  has  gone  wrong  with  the  system. 
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The  purpose  of  the  troubleshooting  process  which  is  initiated  by  such  a 
signal  is  to  find  the  malfunction  in  the  system  so  that  the  system  can  be 
repaired  quickly  and  put  back  on-the-air.  Troubleshooting,  then,  is 
everything  which  happens  between  the  initial  information  that  something 
is  wrong  with  the  system  and  the  location  of  the  repairable  or  replace¬ 
able  or  adjustable  component  which  has  caused  the  original  signal. 


Fill  in  the  blanks  in  the  paragraph  below  by  selecting  the 
correct  word  for  each  blank  from  the  list  of  words  under 
the  paragraph. 

The  signal  which  starts _ of  the 

Fine  Grain  Data  Section  will  be  any  indication 

that  something  is _ in  the  equipment. 

The _ might  be  a  call  from  the  DC 

saying  only  that  the  output  message  is  garbled. 
Thus,  the  signal  which  starts  troubleshooting 

may _ give  you  any  clue  as  to  what  is  wrong 

with  the  system.  Once  the  troubleshooting  pro¬ 
cess  is  started  by  such  a  signal,  it  must  continue 

until  the  replaceable  or  adjustable _ 

that  is _ has  been  located.  Then  the  system 

must  be  "fixed"  and  put  back _ . 

troubleshooting  signal  not 

component  malfunctioning 

on-the-air  BAD 


Turn  to 


in  your  ANSWER  book. 


For  any  system ,  the  beginning  of  troubleshoothig  is  always  a  simple 
indication  that  something  has  gone  wrong.  The  end  of  the  troubleshoot- 
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ing  process  is  another  matter  because,  in  any  system  with  a  large  num* 
ber  of  replaceable  components,  there  are  a  large  number  of  possible 
answers  to  any  troubleshooting  problem.  Somehow,  in  the  troubleshoot¬ 
ing  process,  you  must  go  from  a  simple  indication  that  there  is  a  mal¬ 
function  to  the  precise  Identification  of  the  one  component  that  is  causing 
the  trouble.  That  one  may  be  any  one  of  100,  000  components  in  a  large 
system. 

Once  started,  troubleshooting  must  continue  until  the  replaceable 
component  that  is  BAD  has  been  identified  so  that  it  can  be  replaced  or 
repaired.  The  goal  of  the  corrective  maintenance  procedure  is  to  put 
the  system  back  on-the-air.  If  the  system  contains  100,  000  replaceable 
components,  there  are  100,000  possible  answers  to  the  troubleshooting 
question.  This  large  number  of  answers  creates  a  difficult  problem  for 
the  troubleshooter  who  must  find  which  one  of  100,  000  possible  answers 
is  the  correct  one.  That  is,  he  must  locate  that  one  of  100,  000  replace¬ 
able  components  that  contains  the  malfunction. 


Fill  in  the  blanks  in  the  paragraph  below  by  selecting  the 
correct  word  for  each  blank  from  the  list  of  words  under 
the  paragraph. 

Troubleshooting  of  any  system  may  be  ini¬ 
tiated  by  a  simple  that  something 

has  gone  Although  the 

of  the  troubleshooting  process  is  simple,  the 
end  point  may  be  .  Thus,  the  end 

point  is  not  a  simple  bit  of  information,  but 
rather  it  is  one  answer  out  of  a 

very  large  number  oi^  answers.  In 

a  system  of  20,  000  replaceable  components, 
there  are  possible  answers  to  a 

troubleshooting  problem.  The  goal  of  trouble¬ 
shooting  such  a  system  is  to  find  the _ 

correct  answer  out  of  20,  000  possible  answers. 

complex  start  one  possible 

signal  correct  20, 000  wrong 


Turn  to 


Page  («) 


in  your  ANSWER  book. 
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Since  there  are  eo  many  poiaible  anawera  to  a  troubleahooting  pro¬ 
blem  in  a  complex  ayatem,  we  need  aome  way  to  make  the  problem  aim- 
pier.  One  way  to  avoid  having  to  chooae  from  among  a  large  number  of 
poaaible  different  anawera  ia  to  cut  the  problem  down  to  aize  by  arbi¬ 
trarily  aplitting  ^p  the  entire  ayatem  into  a  relatively  email  number  of 
functiona  at  the  atart.  For  example,  we  might  atart  out  by  aplitting  up 
a  ayatem  of  27,  000  replaceable  componenta  into  only  30  functiona  aa 
ahown  in  the  diagram  below. 


When  we  do  thia,  each  function  will  contain  an  average  of  900 
replaceable  componenta. 

Tbua: 

There  are  27,  000  componenta  aorted  into  30  boxea. 

900  componenta  per  box 
30):^'^,  000  comi^enta 
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Or: 


900  components 

X  30  boxes _ 

.  27,  000  total  components 


If  we  do  this,  then  the  initial  troubleshooting  task  is  simply  to  iden¬ 
tify  which  one  of  the  30  different  functional  units  (boxes)  contains  the 
malfunction.  Thus,  instead  of  having  to  decide  which  of  27,  000  differ¬ 
ent  possible  answers  is  correct,  we  need  to  consider  only  30  possible 
answers  at  first.  We  might  call  this  Phase  I  troubleshooting.  At  the 
end  of  Phase  I  troubleshooting,  we  should  be  able  to  say  which  of  the  30 
different  boxes  contains  the  malfunction. 


Fill  in  the  blanks  in  the  paragraph  below  by  selecting  the 
correct  word  for  each  blank  from  the  list  of  words  under 
the  paragraph. 

For  a  system  with  30  functional  units, 
troubleshooting  is  initiated  by  the  simple  signal 
that  starts  the  troubleshooting  process.  Ptose  I 
troubleshooting  ends  with  the  identification  of  the 

correct  one  out  of  _ _ functional  units  or 

^'boxes''  that  contains  the  When  you 

have  _ _  the  one  box  tout  of  30)  which 

contains  the  malfunction,  you  will  not  know  what 
to  replace,  however,  because  that 
box  will  contain  a  number  of  replace¬ 

able  components  itself.  Therefore,  the  trouble¬ 
shooting  process  is  not  over  when  you  reach  the 

_ _  of  Phase  I.  At  the  end  of  Phase  I,  you 

have  simply  narrowed  down  the  area  which  con¬ 
tains  the  malfunction  to _ of  the  system. 

Phase  I  end  located  30 

malfunction  large  component  l/30th 


Turn  to 


in  your  ANSWER  book. 


Suppose  we  were  to  carry  out  Phase  I  troubleshooting  on  the  system 
in  the  diagram  on  Page  3-5  and  suppose  we  were  to  find  that  the  malfunc¬ 
tion  is  located  in  Box  2.  Then  we  could  confine  our  interest  to  Box  2 
and  ask:  "Which  of  the  900  components  in  Box  2  is  BAD?"  However, 
even  900  possible  answers  is  a  large  number,  so  to  make  it  easier  we 
might  set  up  Phase  II  troubleshooting  just  like  Phase  I.  Thus,  we  might 


draw  a  diagram  just  for  Box  2  which  breaks  into  30  functions  like  this: 


Then  we  could  again  ask:  "Which  of  the  30  boxes  contains  the  mal¬ 
function?"  In  this  case,  each  box  in  the  diagram  above  would  contain  30 
repairable  components  on  the  average  because: 

30  boxes 
X  30  components 
900  repairable  components 

If  the  answer  to  Phase  II  troubleshooting  were  Box  2-17,  for  exam¬ 
ple,  then  we  could  go  on  to  Phase  III  and  do  the  same  thing  once  more. 
At  the  end  of  Phase  III,  we  would  be  down  to  the  repairable  components. 
Thus,  if  the  answer  to  Phase  III  troubleshooting  tells  which  one  of  the 
30  components  in  Box  2-17  is  BAD,  we  would  have  found  the  one  box  out 


3-7 


of  27,  000  which  caused  the  trouble. 

Notice  that  by  dividing  the  total  troubleshooting  process  into  three 
phases,  we  never  have  to  consider  more  than  SO  possible  answers  at  a 
time,  even  though  the  system  contains  27,  000  repairable  components. 

This  approach  of  cutting  the  totsd  troubleshooting  problem  up  into 
phases  so  that  within  each  phase  there  is  a  relatively  small  number  of 
possible  answers  to  the  troubleshooting  question  is  a  very  effective  way 
to  troubleshoot.  You  can  use  this  approach  with  any  complex  system 
for  any  phase  of  troubleshooting,  and  it  is  the  troubleshooting  approach 
which  you  will  learn  to  use  in  this  course. 


Suppose  you  want  to  set  up  a  troubleshooting 
procedure  for  a  system  with  600  replaceable 
parts,  and  suppose  further  that  you  wish  to  use 
only  two  phases  in  the  troubleshooting  procedure. 
For  Phase  I,  you  might  divide  the  system  into  20 
functional  units  or  boxes. 

(a)  If  you  did  this,  how  many  replaceable  parts 
would  be  included  in  each  box  (on  the  average)? 


(b)  If  you  partition  the  total  system  into  20  func¬ 
tional  units  for  Phase  I,  how  many  possible 
answers  would  there  be  for  each  Phase  II 
troubleshooting  question  (on  the  average)? 


Turn  to 


Page  @ 


in  your  ANSWER  book. 
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The  troubleibooting  proceas  for  almoat  any  complex  electronic 
ayatem  can  be  divided  into  ptoaea  in  the  manner  that  haa  juat  been  dea- 
cribed.  Thua,  for  almoat  any  ayatem  it  is  poaaible  to  describe  a  num¬ 
ber  of  troubleshooting  phases  such  that  the  troubleshooter  never  has  to 
consider  more  than  20  to  30  possible  answers  at  one  time. 

In  this  course  you  will  learn  how  to  carry  out  Phase  I  trouble¬ 
shooting  of  the  Fine  Grain  Data  Section  of  the  AN/FST-2.  The  trouble¬ 
shooting  principles  you  will  learn  can,  of  course,  be  applied  to  Phase  II 
and  Phase  III  troubleshooting  of  the  Fine  Grain  Data  Section,  if  you 
want  to  attempt  to  do  that  yourself.  However,  you  will  not  be  taught  in 
this  course  how  to  do  Phase  II  or  Phase  III  troubleshooting.  This  course 
is  focused  on  Phase  I  simply  because  doing  Phase  I  correctly  is  most 
important  when  it  comes  to  saving  troubleshooting  time.  If  you  carry 
out  Phase  I  troubleshooting  of  the  Fine  Grain  Data  Section  properly  and 
quickly,  you  will  always  be  working  in  the  right  functional  area  of  the 
system  when  you  carry  out  Phases  11  and  III. 

Phase  I  troubleshooting  of  the  Fine  Grain  Data  Section  starts  when 
you  receive  any  signal  which  means  that  a  failure  has  occurred  in  one 
of  the  channels. 

Phase  I  troubleshooting  ends  when  you  have  identified  the  functional 
area  of  the  Fine  Grain  Data  Section  which  actually  contains  the  mal¬ 
function.  In  Phase  I  troubleshooting  of  this  equipment,  there  are  28 
possible  functional  areas  which  might  contain  the  malfunction;  there¬ 
fore,  there  are  only  28  possible  answers  to  any  Phase  I  troubleshooting 
problem.  The  Phase  I  troubleshooting  procedure  that  has  been  worked 
out  for  the  Fine  Grain  Data  Section  does  not  include  use  of  the  oscillo¬ 
scope  for  troubleshooting.  The  troubleshooting  process  includes  only 
the  use  of  the  Warning  Lights,  the  various  PPI  positions,  and  the  RAPPI 
as  indicators. 

As  you  learned  earlier  in  this  lesson,  the  purpose  of  Phase  I 
troubleshooting  is  to  identify  the  functional  area  which  contains  the  mal¬ 
function  so  that  Phase  11  troubleshooting  can  be  confined  to  that  area. 

In  troubleshooting  the  Fine  Grain  Data  Section,  Phase  n  troubleshooting 


■tartf  with  the  use  of  the  oecilloecope  and  enda  with  the  identification 
of  the  bad  logic  card  which  has  caused  the  system  to  malfunction. 
Therefore,  another  way  to  look  at  Phase  I  troubleshooting  of  the  Fine 
Grain  Data  Section  is  to  say  that  the  objective  is  to  localise  the  trouble 
to  the  correct  functional  area  so  that  Phase  U  troubleshooting  with  the 
oscilloscope  can  be  started  in  the  right  place  and  can  be  carried  out 
efficiently. 

If  you  were  to  ignore  Phase  I  troubleshooting  and  immediately 
start  using  the  oscilloscope  at  the  first  indication  of  a  malfuncticm  in 
the  Fine  Grain  Data  Section,  you  would  probably  waste  a  lot  of  time 
searching  around,  because  there  are  many  places  where  you  can  start 
to  probe  with  the  oscilloscope.  By  first  performing  Phase  I  trouble¬ 
shooting,  you  will  be  able  to  narrow  down  the  start  of  Phase  II  trouble¬ 
shooting  to  a  small  functional  area  and  thus  save  a  lot  of  time. 


Fill  in  the  blanks  in  the  paragraph  below  by  selecting  the 
correct  word  for  each  blank  from  the  list  of  words  under 
the  paragraph. 

Phase  I  troubleshooting  of  the  Fine  Grain 
Data  Section  starts  when  there  is  any  indica¬ 
tion  of  a _ in  an _ channel. 

The  purpose  of  Phase  I  troubleshooting  is  to 
_ down  the  of  a  mal¬ 
function  to  a  small  _______  area.  This  will 

make  it  easy  to  decide  where  to  plug  in  the 
_ and  start  _________  troubleshooting. 

narrow  malfunction  oscilloscope 

Phase  II  functional  operating 

location 


Turn  to  p»«*@  in  your  ANSWER  book. 
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Now  you  know  how  to  identify  Phase  I  troubleshooting  for  the  Fine 
Grain  Data  Section  in  terms  of  where  it  starts  and  where  it  stops.  The 
next  thing  we  must  consider  is  how  you  go  from  the  beginning  of  Phase  I 
troubleshooting  to  the  end.  What  is  the  method  that  you  must  use  to 
find  the  correct  answer  (out  of  28  possible  answers)  for  any  Phase  I 
troubleshooting  problem?  The  method  that  you  will  learn  to  use  can  be 
called  a  strategy.  It  can  be  called  a  strategy  because  it  is  a  very 
general  approach  which  can  be  used  for  any  Phase  I  troubleshooting 
problem.  The  strategy  is  quite  simple;  it  consists  of  three  steps: 

1.  GATHER 

2.  GUESS 

3.  CHECK. 

These  three  steps  in  the  troubleshooting  strategy  are  initiated  by 
a  signal  that  there  is  a  malfunction  in  the  system.  To  carry  out  the 
GATHER  step,  read-out  information  is  gathered  from  certain  indicators 
which  display  information  about  the  way  the  system  is  operating.  Next, 
the  GUESS  step  is  performed.  To  carry  out  the  GUESS  step,  all  of  the 
gathered  information  must  be  considered,  and,  a  GUESS  must  be  made 
which  identifies  the  functional  area  or  box  in  the  system  which  contains 
the  malfunction.  Ordinarily,  in  any  system  there  will  be  no  more  than 
20  or  30  possible  answers  or  GUESSES  that  can  be  made;  in  the  Fine 
Grain  Data  Section,  there  are  28  possible  GUESSES.  Then,  to  make 
sure  that  the  Guess  has  been  a  correct  one,  the  CHECK  step  must  be 
carried  out.  The  purpose  of  the  CHECK  step  is  to  insure  that  the 
GUESS  is  a  correct  one,  so  that  Phase  II  troubleshooting  will  be  started 
in  the  right  functional  area  of  the  system. 


Turn  to  the  exercise  on  the  next  page. 
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1 .  You  have  just  learned  that  you  can  use  a 
strategy  to  get  from  the  beginning  of 
Phase  I  troubleshooting  to  the  end  of 
Phase  I  troubleshooting. 

(a)  When  do  you  use  that  strategy  for 
Phase  I  troubleshooting? 

(b)  What  are  the  names  of  the  steps  in 
that  strategy? 

(c)  What  is  the  order  in  which  you  must 
use  these  steps? 


2.  (a)  What  do  you  GATHER  when  you  carry 
out  the  GATHER  step? 


(b)  What  do  you  GUESS  when  you  carry  out 
the  GUESS  step? 

(c)  What  is  the  purpose  of  the  CHECK  step? 


Turn  to  Page  (a)  in  your  ANSWER  book. 
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Now  let  ua  consider  what  information  you  need  in  order  to  carry 
out  the  three  steps  of  the  troubleshooting  strategy  for  Phase  I  trouble¬ 
shooting.  First,  of  course,  you  need  to  be  able  to  tell  when  the  system 
is  malfunctioning,  so  that  you  know  when  to  start  troubleshooting.  Then, 
in  order  to  carry  out  the  first  step,  the  GATHER  step,  you  need  to 
know  what  information  to  GATHER.  That  is,  you  need  to  know  what 
indicators  to  read  in  order  to  GATHER  all  of  the  information  that  you 
will  need  to  make  a  GUESS  about  the  location  of  the  malfunction.  Al¬ 
though  you  might  be  able  to  work  out  a  list  of  the  proper  indicators  for 
any  complex  system  that  you  might  have  to  troubleshoot,  it  is  usually 
not  easy  to  decide  which  indicators  to  use.  Therefore,  the  best  way  to 
provide  for  the  GATHER  step  is  for  experts  to  prepare  a  list  of  the 
indicators  from  which  you  must  GATHER  information  every  time  you 
start  Phase  I  troubleshooting.  In  this  course,  which  has  to  do  with 
Phase  I  troubleshooting  for  the  Fine  Grain  Data  Section,  you  will  be 
given  a  prepared  list  of  the  indicators  that  you  must  read  in  order  to 
carry  out  the  GATHER  step;  and  you  will  be  able  to  carry  that  list  with 
you  on  the  job  when  you  have  to  perform  Phase  I  troubleshooting. 

In  order  to  carry  out  the  second  step  in  the  strategy,  the  GUESS 
step,  you  need  to  know  what  GUESSES  are  possible.  Again,  you  might 
be  able  to  work  this  out  for  yourself;  but,  it  is  easier  to  provide  you 
with  a  list  of  all  of  the  possible  GUESSES  that  you  could  make  in  Phase  I 
troubleshooting.  In  the  case  of  the  Fine  Grain  Data  Section,  it  turns 
out  that  there  are  28  possible  GUESSES  that  you  can  make.  Each  of 
these  28  GUESSES  is  a  different  functional  area  of  the  Fine  Grain  Data 
Section,  and  taken  together,  all  28  of  these  functional  areas  cover  the 
whole  of  the  Fine  Grain  Data  Section.  Before  you  finish  this  course, 
you  will  be  given  a  list  of  all  of  the  functional  areas  to  which  you  can 
isolate  a  trouble  during  Phase  I  troubleshooting  of  the  Fine  Grain  Data 
Section;  and  you  will  be  able  to  carry  this  list  with  you  when  you  do 
Phase  1  troubleshooting  on  the  Job.  Therefore,  you  will  not  have  to 
memorise  the  28  possible  answers  for  Phase  I  troubleshooting. 

A  list  of  the  indicators  which  you  must  read  to  GATHER  information 
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and  a  list  of  the  possible  GUESSES  that  you  can  make  about  the  location 
of  the  malfunction,  is  not  enough,  however.  You  also  need  some  rules 
and  principles  for  using  the  information  that  you  GATHER  in  order  to 
make  a  GUESS.  In  LESSON  5,  you  will  begin  to  learn  some  of  the  rules 
that  you  can  use  for  making  good  GUESSES  about  the  location  of  the 
malfunction  on  the  basis  of  information  that  you  GATHER.  The  rules 
that  you  will  learn  will  be  useful  in  troubleshooting  any  complex  elec¬ 
tronic  equipment:  but,  they  will  be  especially  useful  in  GUESSING  the 
location  of  a  malfunction  during  Phase  I  troubleshooting  of  the  AN/FST-2. 
You  must  commit  these  rules  and  principles  for  GUESSING  to  memory 
because  they  will  be  used  in  so  many  different  ways  from  one  trouble¬ 
shooting  problem  to  another  that  it  is  not  possible  to  write  down  on  a 
small  sheet  of  paper  all  of  the  ways  in  which  they  can  be  used.  You 
must  learn  the  rules  and  use  your  ingenuity  in  applying  them  when  you 
carry  out  Phase  I  troubleshooting.  However,  you  will  find  out  that  in 
order  to  use  these  rules,  it  will  be  useful  to  have  a  description  of  the 
way  in  which  the  28  functional  units  of  the  Fine  Grain  Data  Section 
operate  together  when  the  system  is  functioning  normally.  Therefore, 
you  will  be  given  a  diagram  which  describes  the  way  the  Fine  Grain 
Data  Section  works,  and  you  will  be  able  to  use  this  diagram  on  the  job 
when  you  carry  out  Phase  I  troubleshooting. 

The  diagram  that  you  will  be  given  will  look  something  like 
Diagram  7-1  in  your  DIAGRAM  book. 


Open  the  DIAGRAM  book  to  Diagram  7-1  now. 


Now  you  will  understand  why  you  were  taught  in  LESSON  2  to  read  a 
troubleshooting  diagram.  Diagram  7-1  is  made  up  of  circles,  boxes, 
and  arrows,  as  you  can  see.  In  a  troubleshooting  diagram  like  this,  the 
circles  identify  all  of  the  indicators  from  which  you  must  GATHER  in¬ 
formation  to  carry  out  the  first  step  in  the  troubleshooting  strategy. 

The  boxes  identify  all  of  the  possible  answers  for  Phase  1  troubleshoot¬ 
ing,  and  therefore,  any  GUESS  that  you  make  must  be  one  of  the  boxes 
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ahown  in  the  diagram.  Thua,  the  boxea  provide  you  with  a  liat  of  all 
of  the  poaaible  anawera.  The  circlea  and  boxea  are  not  merely  liated 
in  the  diagram;  rather,  the  way  in  which  the  boxea  or  functiona  inter¬ 
act  during  the  operation  of  the  eyatem  are  ehown  by  arrows  which 
connect  the  boxea.  Theae  arrowa  show  the  data  flow  among  the  functions 
which  are  carried  out  when  the  system  is  operating  normally.  Further, 
the  cireles  are  placed  on  the  arrows  to  show  where  the  information  is 
read  out.  In  LESSON  S  you  will  begin  to  learn  how  you  can  use  a  diagram 
of  this  kind  to  help  you  make  your  GUESSES  about  the  location  of  mal¬ 
functions  during  Phase  I  troubleshooting.  Without  a  diagram  of  this 
kind,  which  has  been  prepared  beforehand,  it  would  be  difficult  to  carry 
out  Phase  I  troubleshooting.  Without  it,  you  would  not  know  what  indi¬ 
cators  to  use  to  GATHER  information;  you  would  not  know  what  functions 
would  be  possible  answers  for  the  Phase  I  troubleshooting  problem;  and 
you  would  not  know  how  the  functions  were  related  to  each  other. 

You  will  not  learn  any  more  about  the  CHECK  step  until  you  come 
to  LESSON  6.  Later  you  will  be  given  job  aid  materials  tt)at  you  can 
use  on  the  job  to  help  you  carry  out  the  CHECK  steps  that  you  will  learn 
about  in  this  course. 


Turn  to  the  exercise  on  the  next  page. 
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The  diagram  above  is  a  very  simple  Phase  I 
troubleshooting  diagram  for  an  imaginary  system. 

(a)  What  symbols  in  the  diagram  will  help  you 
carry  out  the  GATHER  step? 

(b)  Suppose  there  are  30  indicators  built  into  this 
system,  all  of  which  could  be  used  to  read-out 
information  about  system  operation.  Would 
you  be  able  to  tell  which  four  to  GATHER  in¬ 
formation  from  for  Phase  I  troubleshooting 
without  a  Phase  I  troubleshooting  diagram 
like  the  one  shown  above? 


Turn  to  Page  3-17  and  continue  the  exercise. 


■hown  in  the  diagram.  Tbua,  the  boxee  provide  you  with  a  liat  of  all 
of  the  poBiible  answers.  The  circles  and  boxes  are  not  merely  listed 
in  the  diagram;  rather,  the  way  in  which  the  boxes  or  functions  inter¬ 
act  during  the  operation  of  the  system  are  shown  by  arrows  which 
connect  the  boxes.  These  arrows  show  the  data  flow  among  the  functions 
which  are  carried  out  when  the  system  is  operating  normally.  Further, 
the  circles  are  placed  on  the  arrows  to  show  where  the  information  is 
read  out.  In  LESSON  5  you  will  begin  to  learn  how  you  can  use  a  diagram 
of  this  kind  to  help  you  make  your  GUESSES  about  the  location  of  mal¬ 
functions  during  Phase  I  troubleshooting.  Without  a  diagram  of  this 
kind,  which  has  been  prepared  beforehand,  it  would  be  difficult  to  carry 
out  Phase  I  troubleshooting.  Without  it,  you  would  not  know  what  indi¬ 
cators  to  use  to  GATHER  information;  you  would  not  know  what  functions 
would  be  possible  answers  for  the  Phase  I  troubleshooting  problem;  and 
you  would  not  know  how  the  functions  were  related  to  each  other. 

You  will  not  learn  any  more  about  the  CHECK  step  until  you  come 
to  LESSON  6.  Later  you  will  be  given  job  aid  materials  tl)at  you  can 
use  on  the  job  to  help  you  carry  out  the  CHECK  steps  that  you  will  learn 
about  in  this  course. 


Turn  to  the  exercise  on  the  next  page. 
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lev  mitriy  tow  tiierfy 


The  diagram  above  is  a  very  simple  Phase  I 
troubleshooting  diagram  for  an  imaginary  system. 


(a)  What  symbols  in  the  diagram  will  help  you 
carry  out  the  GATHER  step? 

(b)  Suppose  there  are  30  indicators  built  into  this 
system,  all  of  which  could  be  used  to  read-out 
information  about  system  operation.  Would 
you  be  able  to  tell  which  four  to  GATHER  in¬ 
formation  from  for  Phase  I  troubleshooting 
without  a  Phase  I  troubleshooting  diagram 
like  the  one  shown  above? 


Turn  to  Page  3-17  and  continue  the  exercise. 
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(c)  Why  do  you  GATHER  information  about 
system  operation  as  the  first  step  in 
Phase  I  troubleshooting? 

(d)  What  do  the  boxes  in  the  diagram  have  to 
do  with  the  GUESS  step? 


(e)  Why  not  use  a  chart  like  the  one  shown 
below  for  Phase  I  troubleshooting  instead 
of  the  diagram  shown  above? 


GATHER  from: 
Indicator  A 
Indicator  B 
Indicator  C 
Indicator  D 


GUESS  which  one  of  these 
boxes  contains  the  fault: 

Box  1 

Box  2 

Box  3 

Box  4 


(f)  What  does  the  CHECK  step  have  to  do  with 
Phase  II  troubleshooting? 


to  Page  in  your  ANSWER  book 


TEST  C 


Fill  in  the  blanks  in  the  paragraph  below.  Use  either  a 
word  or  a  phase  in  each  blank. 

Question  1 

This  course  will  teach  you  to  do _ 


which  starts  when 


and  which  ends  with 


Question  2 

In  order  to  do  Phase  I  troubleshooting  on  the 

Fine  Grain  Data  Section,  you  must  use  a _ 

which  has _ steps.  These  steps  are 

called: _ 

Question  3 

At  the  end  of  Phase  I  troubleshooting  you  will 

know  that  the  malfunction  is  in  a  specific _ 

_ of  the  Pine  Grain  Data  Section 

and  you  will  be  ready  to  start _ 

troubleshooting,  using  the _ to 

locate  the  malfunction  more  precisely. 


Turn  to  Page 


in  your  ANSWER  book  and  score  your  own  answers. 
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TEST  C 


Question  4 


The  diagram  above  is  a  very  simple  Phase  I 
troubleshooting  diagram  for  an  imaginary  system. 


(a)  What  does  the  circle  labeled  A  stand  for? 


(b)  Does  Box  1  stand  for  a  function  in  the  operating 
system? 


(c)  Is  there  some  specific  hard^sar^  which  carries 
out  the  function  of  Box  1  ? 


Turn  to  Page  3-21  and  continue  the  test. 
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TEST  C 


(d)  If  Box  1  has  a  malfunction,  will  it  be  caused 
by  a  replaceable  hardwEure  component  which 
carries  out  part  of  the  function  of  Box  1  ? 

(e)  What  information  would  you  GATHER  to  start 
Phase  I  troubleshooting  of  this  system? 

(Name  the  indicators  that  you  would  use. ) 

(f)  What  are  all  the  possible  GUESSES  that  could 
be  given  for  a  Phase  I  troubleshooting  problem? 

(g)  In  Phase  I  troubleshooting,  you  need  a  Phase  I 

_ which  will  tell  you  what 

indicators  to  use  to _ information. 

The  diagram  will  also  tell  you  what  GUESSES 

you  can  make  because  every _ in  the 

diagram  is  a  possible  GUESS.  The  arrows 
which  show  data  flow  will  help  you  to  make  a 

_ .  When  you  have  made  a  GUESS, 

you  must _ the  GUESS  before  you  go 

on  to _ troubleshooting. 


Turn  to 


Page 


in  your  ANSWER  book  and  score  your  own  answer. 
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LESSON  3A 

YOU  DO  NOT  HAVE  TO  STUDY  THIS  LESSON  UNLESS  YOU 
FAILED  ANY  PART  OF  QUESTION  4  IN  TEST  C 


However  you  may  wish  to  use  it  to  review  LESSONS  2  and  3 
even  if  you  answered  all  of  Test  C  correctly. 


The  purpose  of  this  lesson  is  to  review  all 
of  the  important  facts  which  were  covered  in 
LESSON  2  and  LESSON  3.  If  you  study  this 
lesson  carefully,  you  will  be  able  to  answer 
all  of  the  questions  in  Re- Test  C  at  the  end  of 
LESSON  3A. 


LESSON  3A 


1.  What  equipment  will  you  be  able  to  troubleghoot  when  you  have 
finished  thia  course? 

At  the  end  of  this  course  you  will  be  able  to  carry  out  Phase  I 
troubleshooting  for  the  Fine  Grain  Data  Section  of  the  AN/FST-2. 


2.  When  do  you  start  Phase  I  troubleshooting? 

You  start  Phase  I  troubleshooting  whenever  you  receive  a 
signal  such  as  a  call  from  the  DC  or  an  audible  alarm  which 
tells  you  there  is  a  malfunction  in  an  operating  T-2. 


3.  What  can  you  say  about  the  location  of  the  malfunction  at  the  end 
of  Phase  I  troubleshooting? 

At  the  end  of  Phase  1  troubleshooting  you  will  be  able  to  say 
that  a  malfunction  in  the  Fine  Grain  Da  .a  Section  is  located  in 
a  specific  functional  area  (box)  within  the  operating  Fine  Grain 
Data  Section. 


4.  What  is  the  reason  for  doing  Phase  I  troubleshooting? 

The  reason  for  doing  Phase  I  troubleshooting  is  to  isolate  a  mal¬ 
function  in  the  Fine  Grain  Data  Section  down  to  an  area  which  is 
small  enough  so  that  you  can  begin  to  use  the  oscilloscope  to 
pinpoint  the  malfunction.  When  you  begin  to  use  the  oscillo¬ 
scope,  however,  you  will  be  doing  Phase  II  troubleshooting. 
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Does  this  courae  teach  you  to  do  Phase  II  troubleshooting? 

No.  This  course  is  designed  to  teach  you  to  do  Phase  I 
troubleshooting.  Therefore,  this  course  does  not  include  in¬ 
struction  in  the  use  of  the  oscilloscope. 


When  do  you  use  a  strategy  in  Phase  I  troubleshooting? 

As  soon  as  you  begin  troubleshooting  in  response  to  a  signal 
that  there  is  malfunction  in  the  T-2  you  begin  to  use  a  strategy. 
Whenever  you  conduct  Phase  I  troubleshooting  you  should  always 
use  a  strategy.  The  strategy  that  you  should  use  should  always 
be  the  same  one.  It  should  be  the  three-step  strategy  which 
you  will  learn  to  use  in  this  course. 


What  are  the  steps  in  the  strategy  which  you  will  use  ? 

The  strategy  that  you  will  always  use  in  carrying  out  Phase  I 
troubleshooting  is  in  three  steps.  You  will  always  use  the  steps 
in  the  same  order.  The  order  of  the  steps  is;  (1)  GATHER; 

(2)  GUESS;  and  (3)  CHECK. 


What  is  the  GATHER  step? 

In  the  GATHER  step  you  will  collect  information  about  the  way 
in  which  an  operating  channel  is  operating  by  using  certain  in¬ 
dicators  that  tell  you  about  the  operation  of  the  Fine  Grain  Data 
Section. 


What  is  the  GUESS  step  ? 

In  the  GUESS  step  you  will  use  the  informationyou  have  gathered 
in  the  first  step  and  make  a  guess  about  the  location  of  the  mal¬ 
function.  Your  guess  will  be  a  statement  that  the  malfunction 
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is  probably  located  in  a  special  functional  area  or  box  of  the 
operating  Fine  Grain  Data  Section. 


10.  What  is  the  CHECK  step? 

The  CHECK  step  is  one  in  which  you  perforin  certain  tests  in 
order  to  prove  that  you  have  made  a  good  GUESS  about  the 
location  of  the  malfunction. 

11.  What  does  a  box  stand  for  in  a  troubleshooting  diagram? 

A  box  stands  for  a  functional  unit  of  the  Fine  Grain  Data  Section. 
That  is,  a  box  stands  for  something  which  must  happen  in  a 
certain  way  within  the  Fine  Grain  Data  Section  in  order  for  the 
whole  system  to  operate  properly. 

12.  IVhat  does  a  circle  stand  for  in  a  Phase  I  troubleshooting  diagram ? 

A  circle  stands  for  the  location  of  a  built-in  indicator  which 
can  be  read  while  the  system  is  operating  and  which  will  give 
you  information  about  whether  or  not  the  functions  taking  place 
in  an  operating  T-2  are  taking  place  correctly. 

13.  How  do  you  use  the  GATHER,  GUESS.  CHECK  strategy  to  carry 
out  Phase  I  troubleshooting  for  the  simple  problem  described  by 
the  troubleshooting  diagram  on  the  next  page  (Page  3A-5)?  Assume 
that  you  have  been  given  a  signal  that  there  is  a  malfunction  some¬ 
where  in  the  system. 
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The  first  step  in  the  strategy  would  be  to  GATHER  information 
from  all  of  the  indicators  (A,  B,  C,  and  D).  The  second  step 
in  the  strategy  would  be  to  use  the  diagram  to  help  you  GUESS 
which  box  contains  the  malfunction.  The  third  step  in  the 
strategy  is  the  CHECK  step.  You  will  not  learn  about  this  step 
until  later  in  the  course. 


Now  go  on  to  the  Re-Test  C  which  follows  on  Page  3A-6.  Answer  all  of 
the  questions  in  this  re-test  before  scoring  them.  Instructions  for 
scoring  will  follow  at  the  end  of  the  test. 


RE-TEST  C 


1.  What  equipment  will  you  be  able  to  troubleshoot  when  you  have 
finished  this  course? 


2.  When  do  you  start  Phase  I  troubleshooting? 


3.  What  can  you  say  about  the  location  of  the  malfunction  at  the  end  of 
Phase  I  troubleshooting? 


4.  What  is  the  reason  for  doing  Phase  I  troubleshooting? 


Go  on  to  Question  5  on  the  next  page. 
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RE-TEST  C 


5.  Does  this  course  teach  you  to  do  Phase  II  troubleshooting? 


6.  When  do  you  use  a  strategy  in  Phase  I  troubleshooting? 


7.  What  are  the  steps  in  the  strategy  which  you  will  use? 


8.  What  is  the  GATHER  step? 


9.  What  is  the  GUESS  step? 


Go  on  to  Question  1 0  on  the  next  page. 


3A-7 


RE- TEST  C 


10.  What  is  the  CHECK  step? 


11.  What  does  a  box  stand  for  in  a  troubleshooting  diagram? 


12.  What  does  a  circle  stand  for  in  a  troubleshooting  diagram? 


13.  How  do  you  use  the  GATHER.  GUESS.  CHECK  strategy  to  carry 
out  Phase  I  troubleshooting  for  the  simple  problem  described  by 
the  troubleshooting  diagram  below? 

Assume  that  you  have  been  given  a  signal  that  there  is  a  mal¬ 
function  somewhere  in  the  system. 


Write  your  answer  to  Question  13  on  the  next  page. 
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RE-TEST  C 


The  answers  to  the  questions  in  this  test  may  be  found  in  LESSON 
3 A  (Pages  3 A- 2  to  3A-5).  Score  your  own  test  by  comparing  the  answers 
that  you  have  written  with  the  answers  which  appear  in  this  lesson.  If 
you  have  answered  all  of  the  questions  correctly,  go  on  to  LESSON  4 
which  starts  on  the  next  page.  If  any  of  the  answers  you  have  written 
are  clearly  incorrect,  you  should  consult  with  your  Course  Monitor 
before  going  on  to  LESSON  4. 
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RE- TEST  C 


The  answers  to  the  questions  in  this  test  may  be  found  in  LESSON 
3A  (Pages  3A-2  to  3A-5).  Score  your  own  test  by  comparing  the  answers 
that  you  have  written  with  the  answers  which  appear  in  this  lesson.  If 
you  have  answered  all  of  the  questions  correctly,  go  on  to  LESSON  4 
which  starts  on  the  next  page.  If  any  of  the  answers  you  have  written 
are  clearly  incorrect,  you  should  consult  with  your  Course  Monitor 
before  going  on  to  LESSON  4. 


LESSON  4 


In  this  lesson  you  will  learn: 

1 .  How  you  can  use  a  troubleshooting 
diagram  to  help  you  carry  out  the 
GATHER  step  in  the  troubleshooting 
strategy  for  any  system. 

2.  What  kind  of  information  you  must 
gather  from  each  indicator  that  you 
will  use  in  the  GATHER  step. 

3.  What  you  must  do  to  carry  out  the 
GATHER  step  for  Phase  I  trouble¬ 
shooting  of  the  Fine  Grain  Data  Section 


LESSON  4 


The  GATHER  step,  as  you  learned  in  the  last  lesson,  is  the  first 
step  in  the  troubleshooting  strategy.  It  is  also  the  most  simple  step. 

For  any  system,  the  GATHER  step  has  to  do  with  gathering  information 
from  all  of  the  indicators  which  must  be  used  to  make  a  GUESS  in 
Phase  I  troubleshooting.  The  GATHER  step  starts  as  soon  as  you  de¬ 
cide  to  do  Phase  I  troubleshooting. 

The  purpose  of  the  GATHER  step  is  to  obtain  all  of  the  information 
needed  to  make  a  GUESS  as  to  the  box  which  contains  the  malfunction. 

If  you  gather  the  wrong  information,  or  if  you  gather  too  much  or  too 
little  information,  you  may  not  be  able  to  make  a  correct  GUESS.  The 
GATHERED  information  provides  the  basis  for  making  a  correct  GUESS- 
The  information  you  must  GATHER  in  Phase  1  troubleshooting  of 
a  particular  system  never  changes  from  one  troubleshooting  problem 
to  the  next.  For  a  system  like  the  T-2,  you  must  always  GATHER  in¬ 
formation  from  the  same  indicators  every  time  you  carry  out  the 
GATHER  step.  This  is  because  of  the  way  in  which  the  information 
that  you  must  GATHER  is  related  to  the  boxes  which  are  shown  in  the 
troubleshooting  diagram.  In  order  to  be  able  to  GUESS  which  box  con¬ 
tains  the  malfunction,  you  must  consider  ^  of  the  read-outs  at  once. 
The  indicators  and  boxes  shown  on  a  Phase  I  troubleshooting  diagram 
are  carefully  chosen  so  that: 

1 .  If  you  GATHER  information  from  ^  of  the 

indicators  shown  by  circles  on  the  diagram . 

2.  You  will  be  able  to  localize  the  trouble  to 
one  of  the  boxes  shown  on  the  diagram. 

The  indicators  and  boxes  which  are  shown  on  the  Phase  I  troubleshooting 
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diagram  were  chosen  by  engineers  so  that  one  of  the  boxes  will  be  a 
correct  GUESS  if  you  use  all  of  the  information  you  GATHER. 

If  you  do  not  GATHER  information  from  ^  of  the  indicators,  you 
will  not  have  enough  information  to  pin- down  the  trouble  to  a  particular 
box.  If  you  gather  information  from  indicators  which  are  not  shown  on 
the  troubleshooting  diagram,  you  may  waste  time  gathering  information 
that  you  do  not  need. 

In  regard  to  Phase  I  troubleshooting  of  the  Fine  Grain  Data  Section 
of  the  AN/FST-2,  you  should  only  GATHER  the  information  from  the 
indicators  shown  on  the  troubleshooting  diagram  which  you  will  be  given 
to  use  as  a  job  aid  at  the  end  of  this  course.  These  indicators  include 
the  Warning  Lights,  the  various  PPI  positions,  and  the  RAPPI,  and 
they  are  the  only  ones  you  should  use. 

One  reason  you  should  never  GATHER  more  information  than  that 
provided  by  the  indicators  shown  on  your  T-2  troubleshooting  diagram 
is  because  there  are  literally  thousands  of  places  in  the  Fine  Grain 
Data  Section  where  you  can  collect  information  about  its  operation.  The 
best  place  to  GATHER  information  for  Phase  I  troubleshooting  is  from 
the  indicators  shown  on  your  troubleshooting  diagram  because  those  in¬ 
dicators  provide  just  the  information  you  will  need  to  make  a  Phase  1 
GUESS.  The  diagram  may  not  include  some  of  the  read-outs  that  you 
have  used  in  the  past.  For  example,  the  Neon  indicators  will  not  be 
shown  on  your  Fine  Grain  Data  Section  troubleshooting  diagram  because 
the  information  they  present  will  not  improve  your  ability  to  isolate  a 
fault  in  Phase  I  troubleshooting  —  and  may  even  make  it  more  difficult. 
That  is,  you  will  waste  time  and  may  even  get  confused  if  you  attempt 
to  use  the  information  from  the  Neon  indicators  with  the  troubleshooting 
strategy  you  will  be  taught  to  use  in  this  course. 

You  must  remember  two  rules  about  gathering  information  in  this 
troubleshooting  strategy: 

1 .  Always  read  ^  of  the  indicators  shown  on  the 
troubleshooting  diagram. 

2.  Don't  spend  time  gathering  information  from 
other  indicators;  just  gather  information  from 
the  read-outs  which  are  shown  on  the  diagram. 
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Below  is  a  Phase  I  troubleshooting  diagram  for 
a  simple  system.  A  technician  who  is  trying  to 
troubleshoot  the  system  has  written  notes  on  the 
diagram  telling  what  information  he  has  collected 
about  the  way  the  system  is  operating. 


/ 

^0  ?'3/7 


Use  the  diagram  above  to  answer  the  following 
questions; 

(a)  List  the  indicators  from  which  informa¬ 
tion  should  be  GATHERED. 


(b)  List  ^  of  the  possible  GUESSES  that 
could  be  made  about  the  location  of  the 
trouble. 


Turn  to 


in  your  ANSWER  book. 
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Use  the  diagram  above  to  answer  the  follow¬ 
ing  questions: 

(c)  Will  the  information  about  the  possible  cold 
solder  joint  help  to  locate  the  trouble  during 
Phase  I? 


(d)  Should  the  technician  have  gone  to  the  trouble 
of  looking  in  the  functional  area  called  Box  14 
during  Phase  I  troubleshooting?  Why? 


Turn  to  Page 


^  in 


the  ANSWER  book. 


Now  you  must  learn  what  kind  of  information  to  record  as  a  result 
of  reading  the  indicators  shown  on  your  troubleshooting  diagram.  The 
easiest  way  to  record  your  interpretation  of  a  read-out  is  to  record 
either  GCX)D  or  BAD.  Whenever  possible,  the  GATHER  step  in  Phase  I 
troubleshooting  will  call  for  the  use  of  indicators  that  can  be  interpreted 
as  GOOD  or  BAD.  (An  oil  pressure  light  on  an  automobile  instrument 
panel  which  glows  red  when  the  pressure  is  low, but  which  does  not  glow 
at  all  when  the  pressure  is  correct,  is  an  example  of  an  indicator  that 
can  always  be  interpreted  as  GOOD  or  BAD.  Whenever  the  light  glows 
while  the  motor  is  running,  the  interpretation  must  be:  BAD. ) 

The  Warning  Lights  which  are  used  in  Phase  I  troubleshooting  of 
the  Fine  Grain  Data  Section  are  examples  of  GO /NO-GO  indicators 
which  can  be  interpreted  as  GOOD  or  BAD. 

Unfortunately,  however,  it  is  not  always  possible  to  make  inexpen¬ 
sive,  reliable  indicators  which  can  be  interpreted  simply  as  GOOD  or 
BAD.  In  the  Fine  Grain  Data  Section  it  has  been  necessary  to  use  some 
complex  indicators  too,  such  as  the  PPI  displays,  for  example.  The 
PPI  displays,  and  the  RAPPI  displays,  which  are  used  in  Phase  I  trouble¬ 
shooting  of  the  Fine  Grain  Data  Section  are  GO /NO-GO  indicators; 
rather,  they  are  ^  /NO-GO  indicators.  That  is,  when  you  try  to 
interpret  a  PPI  reading,  you  will  sometimes  find  that  the  display  is 
obviously  BAD  or  NO-GO,  and  you  can  record  the  read-out  as  BAD  with 
a  great  deal  of  confidence.  Other  times,  you  will  be  unable  to  detect 
any  bad  signs  on  the  PPI  —  but  that  will  not  always  mean  that  the  dis¬ 
play  is  GOOD.  The  display  may  be  BAD,  but  you  may  be  unable  to  find 
the  bad  feature  of  the  display.  It  is  especially  true  with  PPI  displays 
of  processed  target  information  that  BAD  displays  may  be  difficult  to 
detect  simply  because  there  is  no  one  standard  "correct"  display  which 
can  be  used  for  comparison.  Thus  a  PPI  display  which  is  really  BAD 
may  not  "look"  bad.  The  table  on  the  next  page  shows  how  you  should 
record  your  interpretation  of  read-outs  like  PPI  read-outs  which  are 
sometimes  difficult  to  interpret. 
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Thus,  with  a  diiplay  like  a  PFI  display  of  proceaaed  target  data 
for  which  there  is  not  a  "standard, "  you  should  never  record  GOOD. 

If  the  display  is  obviously  bad,  you  should  record  BAD;  if  the  display 
looks  GOOD  or  probably  good,  you  should  record  f  .  The  f 
will  remind  you  that  you  may  have  made  an  error  in  reading  the  display, 
and  the  f  will,  therefore,  remind  you  to  consider  the  possibility 
that  the  read-out  is  really  BAD. 

To  review  for  the  T-2,  when  you  read  the  Warning  Lights,  the  task 
of  interpretation  is  simple.  For  example,  if  you  have  a  V  alaurm,  you 
need  merely  record  the  word  BAD  in  the  appropriate  place  on  your 
troubleshooting  diagram.  If  there  is  no  alarm,  you  need  merely  write 
GOOD.  Thus,  for  the  Warning  Lights,  you  will  always  write  either 
GOOD  or  BAD.  However,  in  the  case  of  the  PPI  and  RAPPI,  the  problem 
is  more  complicated.  With  these  read-outs  you  must  write  BAD  or  ^  . 
The  reason  for  this  is  that  you  can  never  be  sure  that  a  PPI  or  RAPPI 
presentation  is  really  GOOD.  That  is,  the  PPI  and  RAPPI  presentations 
are  difficult  to  interpret  unless  the  signal  is  far  out  of  tolerance,  in 
which  case  it  will  look  obviously  BAD.  Therefore,  in  order  to  avoid 
making  a  wrong  GUESS,  you  should  record  ^  if  it  appears  to  be 
good,  and  BAD  if  it  is  obviously  bad. 


Turn  to  the  exercise  on  Page  4-11. 
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The  diagram  at  the  left,  on  Page  4-10,  is 
a  simplified  Phase  I  troubleshooting  diagram 
of  part  of  the  Fine  Grain  Data  Section.  A 
technician  who  has  carried  out  the  GATHER 
step  has  written  all  of  the  information  he  has 
gathered  on  the  diagram.  He  has  made  three 
mistakes  in  the  GATHER  step.  Find  all  of 
these  mistakes  and  tell  why  each  one  is  a  mis¬ 
take  in  the  space  below. 

J. 


2. 


3. 


Turn  to  Page  (S)  in  the  ANSWER  book. 
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Question  1 

The  Phase  I  troubleshooting  diagram  shown 
on  Page  4-12,  at  the  left,  is  for  an  imaginary 
system.  A  technician  has  written  down  the  in¬ 
formation  he  has  GATHERED.  In  the  space  be¬ 
low,  write  down  the  letter  or  number  of  each  box 
or  circle  from  which  he  should  have  GATHERED 
information,  and  beside  each  one  record  what  he 
should  have  written  about  each  one. 


Turn  to  Page  (32J  in  your  ANSWER  book  and  score  your  own  answer. 
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Question  2 

Fill  in  the  blanks  in  the  paragraph  below  by  selecting  the 
correct  word  for  each  blank  from  the  list  of  words  under  the 
paragraph. 

When  you  get  a  call  from  the  DC  indicating 
that  something  may  be  wrong  with  the  Fine  Grain 
Data  Section,  you  must _ Phase  I  trouble¬ 
shooting.  The  first  step  will  be  to _ all 

of  the  information  you  need  to  make  a _ 

about  the _ which  contains  the  malfunc¬ 
tion.  You  must  GATHER  information  from _ 

of  the  indicators  shown  on  the  Phase  I  trouble¬ 
shooting  diagram  of  the  Fine  Grain  Data  Section. 

You  must _ gather  information  from  any 

other  indicators.  Neither  should  you  omit  any  of 

the _ shown  on  the  troubleshooting  diagram. 

If  you  GATHER  information  from  all  of  the  indi¬ 
cators,  you  will  be  able  to  consider  all  of  the _ 

at  once  and  GUESS  which _ of  the  28  func¬ 

tional  areas  shown  as  boxes  in  the  Fine  Grain  Data 
Section  troubleshooting  diagram  contains  the 

_ .  Each  indicator  shown  as  a _ 

on  the  troubleshooting  diagram  must  be _ 

and  the  interpretation  must  be  recorded  to _ 

the  GATHER  step.  The  Warning  Lights  are _ 

indicators  and  each  one  must  be  always  interpreted 
as _ or _ .  The  PPI  and  RAPPI  dis¬ 
plays  must  be  interpreted  as  BAD  or  as _ . 

The  PPI  and  RAPPI  displays  must _ be  in¬ 

terpreted  as  GOOD  because  sometimes  the  bad 
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feature  of  a  display  will  be _ to  detect 

and  a  display  which  appears  to  be  QK  may 

_ be  BAD.  The  ^  will  remind  you 

that  a  display  which  looks _ may  not  be  OK. 


read->outs 

start 

never 

one 

GATHER 

hard 

malfunction 


GUESS 

really 

circle 

box 

OK 

interpreted 

complete 


GO /NO-GO 

indicators 

GOOD 

BAD 

all 

not 

? 


Turn  to  Page  in  your  ANSWER  book  and  score  your  own  answer. 
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Question  3 

(a)  What  is  the  first  step  in  the  Phase  I 
troubleshooting  strategy? 


(b)  What  is  the  signal  to  start  that  step? 


(c)  What  is  the  purpose  of  that  step? 


(d)  When  you  have  gathered  information  from _ 

indicator  shown  as  a _ on  the  trouble¬ 

shooting  diagram,  you  will  know  that  you  have 
finished  the  GATHER  step. 


Turn  to 


P*ge  (m) 


in  the  ANSWER  book  and  score  your  own  answer. 
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LESSON  5 


In  this  lesson  you  should  learn: 

1.  To  GUESS  using  combinations  of  in-line 
indicators. 

2.  To  GUESS  using  combinations  of  Warning 
Lights  and  in-line  indicators. 

3.  To  make  primary  and  secondary  GUESSES. 
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I 


i 


I 
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LESSON  5 

^  I 


This  lesson  is  about  the  GUESS  step  in  the  Phase  I  troubleshooting 
strategy.  In  this  lesson  you  will  learn  a  number  of  rules  for  using  the 
information  that  you  GATHER,  so  that  you  will  be  able  to  make  good 
GUESSES  about  where  to  find  malfunctions. 

First,  you  must  learn  how  to  use  in-line  indicators.  The  indicator 
shown  in  the  diagram  below  is  an  example  of  an  in-line  indicator.  It 
provides  a  read-out  of  the  information  that  is  passed  from  one  function 
to  another  in  the  main  line  of  data  flow.  An  in-line  indicator  is  one 
which  allows  you  to  inspect  the  data  in  the  system  as  it  passes  from  one 
function  to  another.  On  a  troubleshooting  diagram,  an  in-line  indicator 
will  always  appear  on  a  line  of  data  flow  between  boxes.  An  in-line 
indicator  will  always  be  "in  line"  with  the  boxes  like  this; 


When  an  in-line  indicator  displays  a  bad  signal,  you  should  guess 
that  the  malfunction  which  causes  the  bad  signal  is  somewhere  in  one  of 
the  functions  before  the  read-out.  For  example,  if  the  in-line  indicator 
in  the  figure  below  gives  a  BAD  read-out,  then  you  should  guess  that 
any  one  of  the  three  boxes  might  contain  the  malfunction  that  caused  it. 

i 


A  bad  in-line  indicator  read-out  means  that  there  is  trouble  in  some 
function  prior  to  the  read-out;  but  unless  there  is  some  way  to  check 
the  prior  line  of  data  flow,  you  cannot  tell  which  one  of  the  prior  boxes 
contains  the  trouble.  For  instance,  consider  the  example  shown  in  the 
diagram  below,  which  is  taken  from  a  portion  of  the  T-2. 


Suppose  that  PPI-d  definitely  looks  BAD  in 
comparison  to  PPI-V,  but  PPI-V  appears  OK 
as  far  as  you  can  tell.  What  would  be  your 
GUESS  about  the  location  of  the  malfunction  caus¬ 
ing  the  BAD  PPI-d?  Is  the  trouble  in  Box  7,  or 
in  Box  9,  or  perhaps  in  Box  6?  Don't  forget  that 
you  may  GUESS  the  trouble  is  equally  likely  to  be 
in  one  of  two  boxes,  if  you  haven't  enough  infor¬ 
mation  to  GUESS  which  of  the  two  really  contains 
the  trouble.  Answer: 


Turn  to  Page(^in  the  ANSWER  book. 
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When  you  uee  the  kind  of  information  that  is  provided  by  in-line 
indicatori  in  order  to  make  a  GUESS  about  the  location  of  a  malfunction, 
you  should  remember  that  a  BAD  read-out  of  an  in-line  indicator  mere¬ 
ly  means  that  the  trouble  is  somewhere  prior  to  the  BAD  read-out. 

Using  only  the  BAD  read-out  you  cannot  tell  which  one  of  the  prior  boxes 
contains  the  trouble.  In  order  to  pin  down  the  trouble  to  one  box,  you 
must  be  able  to.bracket  that  box  by  a  GOOD  read-out  on  the  input  side 
and  a  BAD  read-out  on  the  output  side,  if  you  are  using  only  the  in-line 
indicators. 

The  use  of  in-line  indicators  to  bracket  a  box  with  a  good  input  and 
a  bad  output  is  the  most  simple  rule  that  you  will  use  in  trying  to  GUESS 
the  location  of  a  malfunction.  You  will  find  with  most  systems,  how¬ 
ever,  that  you  cannot  go  very  far  in  your  troubleshooting  if  this  is  the 
only  rule  you  use.  Thus,  very  few  systems  are  provided  with  enough 
in-line  indicators  to  bracket  every  box  in  the  troubleshooting  diagram. 
Therefore,  you  must  learn  to  use  some  other  principles  for  making 
GUESSES  about  the  location  of  a  malfunction. 

Notice  that  when  you  use  in-line  indicators  in  order  to  pin  down  the 
location  of  a  malfunction,  you  must  always  use  a  combination  of  at 
least  two  indicators,  one  on  the  input  side  and  one  on  the  output  side. 

In  general,  whenever  you  are  attempting  to  make  a  GUESS  about  the 
location  of  a  malfunction,  you  will  need  to  use  combinations  of  read¬ 
outs  in  order  to  locate  the  bad  box.  That  is  one  reason  why  it  is  good 
to  GATHER  all  of  the  information  that  you  need  before  you  try  to  make 
a  GUESS.  By  gathering  all  of  the  information  first,  you  will  be  able  to 
use  combinations  of  read-outs  when  you  are  GUESSING. 

What  are  some  of  the  other  ways  in  which  you  can  use  combinations 
of  read-outs  in  order  to  make  GUESSES?  One  way  is  exemplified  in 
the  figure  shown  on  the  next  page. 

Turn  to  Page  5-6  and  continue  with  the  lesson. 
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The  figure  above  shows  a  simple  system  with  three  subsystems 
and  three  indicators.  In  this  system,  the  output  of  Box  1  splits  and 
goes  to  two  other  boxes  --  Box  2  and  Box  3.  This  arrangement  of  boxes 
is  called  a  divergent  chain.  When  one  output  signal  splits  in  this  way, 
you  can  use  a  special  combination  of  read-outs  to  isolate  the  source  of 
trouble.  For  example,  by  using  the  read-outs  at  B  and  C  in  combina¬ 
tion,  you  can  determine  whether  a  trouble  is  in  Box  1,2,  or  3  even 
though  there  is  no  indicator  between  Box  1  and  Box  2.  In  the  next  exer¬ 
cise  you  will  learn  how  to  do  this. 


Turn  to  the  exercise  on  the  next  page. 
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The  output  of  Box  1  is  divergent.  That  is,  line  o  goes  to 
three  different  boxes.  Meter  A  looks  OK;  therefore,  assume 
the  data  on  line  n  are  OK.  Fill  in  the  following  table: 


Turn  to 


mo 


in  the  ANSWER  book 


Now  you  can  better  understand  why  the  first  step  in  the  trouble¬ 
shooting  strategy  is  to  GATHER  ^  of  the  information  that  you  need  to 
make  a  GUESS.  The  reason  is  that  you  need  combinations  of  read-outs 
in  order  to  get  enough  information  to  make  a  good  GUESS. 

Can  you  narrow  down  the  location  of  a  malfunction  to  a  single  box 
without  a  combination  of  read-outs?  The  answer  in  every  case  is  NO. 
For  example,  if  you  have  one  box  and  one  in-line  read-out,  with  the 
read-out  on  the  input  side,  you  cannot  tell  anything  about  how  that  box 
is  functioning,  no  matter  what  you  read  out  from  the  indicator.  If  the 
indicator  reading  is  GOOD,  the  box  which  follows  it  may  still  have  a 
malfunction;  if  the  indicator  read-out  is  BAD,  you  still  do  not  know  any¬ 
thing  about  the  box  because  it  comes  after  the  read-out. 

Suppose  you  have  only  one  in-line  read-out  on  the  output  side  of  a 
box,  as  shown  in  the  figure  below. 


You  still  cannot  narrow  down  your  GUESS  to  Box  1.  The  reason  for 
this  is  that  a  BAD  indication  could  be  caused  by  a  malfunction  in  a  box 
somewhere  before  the  box  shown  in  the  figure.  That  is,  the  malfunction 
could  be  located  in  a  box  outside  of  the  system.  A  box  or  function  out¬ 
side  of  the  system  is  shown  by  a  shaded  box  in  the  figure  above.  A  mal¬ 
function  in  the  shaded  box  could  be  causing  the  BAD  read-out  on  the 
output  side  of  Box  1.  Therefore,  no  matter  where  you  place  one  indi¬ 
cator,  you  cannot  use  your  read-out  to  narrow  down  the  malfunction  to 
a  single  box  for  certain. 
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In  the  problem  shown  by  the  figure  above,  your  GUESS  should  be: 
"The  malfunction  is  in  Box  1,  or  in  some  function  prior  to  Box  1  outside 
of  the  system.  " 

In  the  example  above,  your  GUESS  about  the  location  of  a  malfunc¬ 
tion  would  have  to  include  two  possible  locations;  a  box  outside  of  the 
system  and  Box  1 .  Sometimes  you  cannot  avoid  making  a  GUESS  which 
includes  two  possible  boxes.  Sometimes,  the  combination  of  read-outs 
that  you  GATHER  will  not  make  it  possible  for  you  to  narrow  down  the 
location  of  a  malfunction  to  a  single  box.  When  you  cannot  narrow  down 
the  location  to  a  single  box,  you  may,  however,  feel  that  the  trouble  is 
more  likely  to  be  in  one  box  than  in  another.  In  this  case,  you  have  to 
make  a  GUESS  that  has  two  parts:  a  primary  GUESS  and  a  secondary 
GUESS.  The  primary  GUESS  identifies  the  box  which  you  think  is  more 
likely  to  contain  the  trouble.  The  secondary  GUESS  identifies  the  box 
which' you  would  look  at  next,  if  your  primary  GUESS  turns  out  to  be 
wrong.  Whenever  you  find  that  you  cannot  narrow  down  your  GUESS  to 
a  single  box,  you  should  go  ahead  and  make  both  a  primary  GUESS  and 
a  secondary  GUESS  because  the  CHECK  step,  which  you  will  learn  about 
next,  is  designed  to  help  you  decide  which  GUESS  is  the  correct  one. 
Thus,  even  if  you  make  two  GUESSES  about  the  location  of  a  malfunction, 
in  most  cases  you  will  be  able  to  sort  out  the  right  GUESS  before  you  are 
finished  with  Phase  I  troubleshooting. 

Here  is  an  example  of  a  typical  situation  in  which  you  must  use 
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in-line  indicators  to  make  a  GUESS,  but  where  you  cannot  pin  down  the 
location  of  the  malfunction  to  a  single  box  on  the  basis  of  your  in-line 
read-outs  alone. 


The  diagram  on  Page  5-10  is  a  trouble¬ 
shooting  diagram  of  a  small  part  of  the  Fine 
Grain  Data  Section.  The  information  that  has 
been  GATHERED  from  the  indicators  in  this 
section  is  shown  on  the  diagram.  Make  the 
best  GUESS  you  can  about  the  location  of  the 
malfunction  in  this  part  of  the  Fine  Grain  Data 
Section. 

Answer: _ _ 

Turn  to  Page  (3^  in  the  ANSWER  book. 

In  the  example  above,  if  PPI-V  is  BAD,  this  means  that  bad  data 
is  being  passed  through  Box  7  and  through  Box  9;  therefore,  PPI-d 
should  also  be  BAD,  as  shown  in  the  figure  on  Page  5-10.  However, 
in  a  real  troubleshooting  situation,  where  there  is  actually  a  malfunction 
in  Box  5  or  in  Box  6,  and  PPI-V  is  obviously  BAD,  you  might  not  be 
able  to  see  any  indication  of  a  malfunction  at  PPI-d  and  you  might  write 
a  ^  as  your  interpretation  of  PPI-d. 


Turn  to  the  exercise  on  the  next  page. 
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Suppose  that  you  have  GATHERED  the  infor¬ 
mation  shown  in  the  figure  below.  What  is  your 
GUESS  about  the  location  of  the  malfunction? 


Turn  to 


in  the  ANSWER  book. 


5-12 


So  far  we  have  been  talking  about  the  rules  for  GUESSING  when 
you  are  using  in-line  indicators.  There  is  another  kind  of  indicator 
that  you  need  to  know  about,  however.  These  indicators  are  the  Warn¬ 
ing  Lights  which  are  GO/NO-GO  indicators.  When  you  GATHER  infor¬ 
mation  from  the  Warning  Lights,  you  record  your  interpretation  either 
as  GOOD  or  as  BAD. 

You  have  just  learned  that  in-line  indicators,  which  are  represented 
by  circles  on  the  troubleshooting  diagram,  tell  you  whether  or  not  a 
main  line  of  data  is  BAD  at  a  given  point  in  the  system.  Thus,  in-line 
indicators  tell  you  about  lines  of  data  flow.  A  Warning  Light,  on  the 
other  hand,  tells  you  about  an  area  of  the  system,  rather  than  about  a 
line  of  data  flow.  Thus,  when  you  see  a  BAD  Warning  Light,  you  can 
make  a  GUESS  that  the  malfunction  which  caused  the  signal  is  in  a  cer¬ 
tain  area  of  the  system,  rather  than  on  a  certain  line  of  data  flow.  In 
order  to  call  attention  to  this  difference  between  the  Warning  Lights 
and  in-line  indicators.  Warning  Lights  are  represented  by  semi-circles 
on  the  troubleshooting  diagram. 


Warning 
Light  or 
Alarm 


A  Warning  Light  is  associated  with  a  check  box,  which  is  an  off-line 
box  that  does  not  carry  out  any  essential  processing  of  the  data  in  the 
system.  The  term  "check  box"  may  be  a  poor  name  because  the 
check  box  does  not  really  check  the  performance  of  a  system  function. 
Rather,  a  check  box  merely  performs  a  similar  operation  on  the  same 
input  as  that  received  by  the  in-line  system  function,  and  when  the  out¬ 
puts  of  the  check  box  and  the  in-line  function  are  not  equivalent,  a 
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Warning  Light  comes  on  to  tell  you  that  something  has  happened  in  one 
of  the  boxes  causing  the  outputs  to  be  different.  Now  let  us  see  how 
this  looks  when  expressed  in  a  diagram. 


The  main  line  of  data  flow  is  represented  by  the  heavy  line.  You 
can  see  that  the  main  line  system  function  and  the  check  box  both  oper¬ 
ate  on  the  same  input  signal.  They  are  designed  to  perform  their  oper¬ 
ations  such  that  when  the  outputs  from  both  of  these  boxes  are  compared 
by  the  comparator  they  will  be  identical  for  all  practical  purposes.  If 
they  atfe  not,  the  Warning  Light  will  come  on.  However,  this  does  not 
mean  that  the  check  box  and  the  system  function  treat  the  signal  in  an 
identical  fashion.  Therefore,  if  the  input  signal  is  very  far  out  of 
tolerance,  it  may  cause  the  Warning  Light  to  come  on.  If  the  input 
signal  is  just  slightly  out  of  tolerance,  it  will  probably  not  light  the 
Warning  Light,  but  will  cause  the  next  in-line  indicator  to  read  BAD. 

Notice  that  the  Warning  Light  does  not  monitor  the  main  line  of 
data  flow  and  therefore  is  not  considered  an  in-line  indicator.  The 
Warning  Light  will  appear  as  a  semi-circle  on  your  troubleshooting 
diagram  to  make  it  easy  for  you  to  distinguish  it  from  the  circles  which 
represent  the  in-line  indicators. 
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Examine  the  diagram  above.  Notice  that  it  is  similar  to  the  pre¬ 
vious  diagram  except  for  the  fact  that  there  is  a  dotted  line  around  the 
check  box  and  the  comparator.  Notice  also  that  there  is  no  read-out 
(circle  or  semi-circle)  on  line  b,  which  connects  the  check  box  and  the 
comparator.  Since  there  is  no  read-out,  we  cannot  isolate  a  failure 
during  Phase  I  troubleshooting  to  the  check  box  as  opposed  to  the  com¬ 
parator.  Therefore,  the  two  are  combined  on  the  troubleshooting  dia¬ 
gram  as  shown  below  and  labeled  "check  circuit.  " 
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Notice  that  the  combined  check  circuit/comparator  function  is  not 
in  the  main  line  of  data  flow.  Therefore,  we  have  made  it  a  dotted  line 
box  on  the  troubleshooting  diagram  to  help  you  to  distinguish  it  from  the 
main  line  functions  which  are  identified  by  solid  line  boxes.  Remember, 
the  Warning  Lights  are  shown  as  semi-circles  on  the  troubleshooting 
diagram  for  the  same  reason,  i.  e. ,  to  help  you  to  distinguish  them 
from  the  main  line  read-outs  which  are  represented  by  circles. 


Remember  these  relationships: 


Main  Line  of  Data  Flow 

Not  on  Main  Line  of  Data  Flow 

Symbol 

Meaning 

Symbol 

Meaning 

System 

Functions 

1  1 

1^  j 

Check  Circuits 

o 

PPI  positions 
and  RAPPI 
(in-line  indi¬ 
cations  ) 

n 

Warning  Lights 

A  Warning  Light  monitors  the  functioning  section  of  a  system  which 
is  composed  of  a  system  function  and  a  check  circuit.  If  a  Warning 
Light  occurs,  you  can  GUESS  that  the  trouble  is  in:  1)  the  system  func¬ 
tion,  2)  the  check  circuit,  or  3)  in  a  prior  function  which  causes  a  bad 
signal  to  be  sent  to  the  area  being  checkec^  as  shown  in  the  diagram  on 
the  next  page. 
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*** Possible  locations  of  a  malfunction  if  Z  is  BAD. 

However,  in  the  absence  of  any  other  information  you  cannot  GUESS 
which  of  the  three  possible  locations  is  actually  causing  the  malfunction. 
In  order  to  tell  whether  the  fault  is  in  the  check  box,  or  in  a  main  line 
function,  you  must  use  a  combination  of  indicators.  You  must  use  both 
the  Warning  Light  read-out  and  a  read-out  of  an  in-line  indicator,  in 
combination,  to  GUESS  whether  the  trouble  is  located  in  the  check  box 
or  in  the  in-line  function. 


Turn  to  the  next  page  and  continue  the  lesson. 


For  example,  an  alarm  in  the  system  described  by  the  diagram 
above  plus  a  BAD  read-out  of  the  in-line  indicator  would  lead  you  to 
GUESS  that  the  trouble  is  most  likely  in  the  system  function.  Box  3  — 
or  possibly  in  Box  1.  The  alarm  tells  you  that  the  trouble  is  most 
likely  to  be  within  the  area  of  the  system  that  is  enclosed  by  the  circle 
around  Box  2  and  Box  3.  The  BAD  in-line  indicator  tells  you  that  the 
trouble  is  somewhere  along  the  data  flow  line  prior  to  the  indicator  as 
shown  in  the  diagram  by  the  heavy  line  which  goes  through  Box  1  and 
Box  3.  Thus,  if  the  trouble  were  in  Box  3,  it  would  cause  the  combina 
tion  of  read-outs:  BAD  Warning  Light,  BAD  in-line  indicator. 


Turn  to  the  next  page  and  do  the  exercise. 
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Do  this  exercise  on  the  diagram  above. 

(a)  Draw  a  heavy  line  along  the  lines  of  data 
flow  which  could  be  causing  the  BAD  in-line 
read-outs. 

(b)  Draw  a  circle  around  the  boxes  which  could 
cause  the  BAD  Warning  Light. 

(c)  GUESS  which  box  is  most  likely  to  contain  the 
malfunction. 


Turn  to 


Page 


in  the  ANSWER  book. 
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TEST  E 


Question  1 

(a)  Identify  all  of  the  in-line  indicators  from 
which  you  would  GATHER  information  to 
start  troubleshooting  the  system  described 
in  the  diagram  below. 


i 


Using  the  diagram  on  Page  5-20: 


(b)  Identify  all  of  the  Warning  Lights. 


(c)  Identify  all  of  the  check  boxes. 


(d)  Identify  all  of  the  functions  which  are  shown 
on  the  diagram,  but  which  are  not  part  of  the 
system. 


Turn  to  Page 


in  the  ANSWER  book. 
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TEST  E 


Queation  2 

What  is  the  beat  GUESS  you  can  make  about  the 
location  of  the  malfunction  in  each  of  the  examples 
below?  Assume  there  is  only  one  malfunction  in 
each  problem. 


Best  GUESS: 


(b) 


Best  GUESS: 


Turn  to  the  next  page  and  continue  the  question. 


TEST  E 


Question  3 

What  is  the  beet  GUESS  you  can  make  about  the 
location  of  the  malfunction  in  each  of  the  examples 
below?  Assume  there  is  only  one  malfunction  in 
each  problem. 


Best  GUESS: 


(b) 
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TEST  E 


Question  4 

What  is  the  best  GUESS  you  can  make  about  the 
location  of  the  malfunction  in  each  of  the  examples 
below?  Assume  there  is  only  one  malfunction  in 
each  problem. 


Best  GUESS; 


Best  GUESS: 


Turn  to 


Page 


in  the  ANSWER  book. 
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TEST  E 


Queatlon  5 

What  GUESS  would  you  make  about  the  location 
of  the  malfunction  in  each  of  the  problems  below? 
(a) 


Primary  GUESS: _ 

Secondary  GUESS: _ 

(b)  Suppose  you  know  that  there  is  NO  trouble 
in  Box  1  or  in  Box  2  in  the  example  above. 
What  would  you  guess  about  the  location  of  the 
malfunction? 


Turn  to 


in  the  ANSWER  book. 
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TEST  E 


Queition  6 


What  is  your  primary  GUESS  about  the  loca¬ 
tion  of  the  malfunction  in  the  diagram  above? 

Primary  GUESS: _ 

What  is  your  secondary  GUESS? _ 


Turn  to  Page  in  the  ANSWER  book. 

Question  7 

In  Question  6  above,  why  is  Box  2  the  correct 
primary  GUESS  rather  than  Box  1  ? 


Tom  to 


in  the  ANSWER  book. 
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i 
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DO  NOT  TAKE  THIS  TEST  UNLESS  YOU  WERE  INSTRUCTED 
TO  DO  SO  ON  PAGE  (J)  IN  YOUR  ANSWER  BOOK 

RE-TEST  E 

QueBtion  1 

(a)  Identify  all  of  the  in-line  indicators  from 
which  you  would  GATHER  information  to 
start  troubleshooting  the  system  described 
in  the  diagram  below. 


f 


Turn  to  the  next  page  and  continue  this  question. 


Using  the  diagram  on  Page  S-28: 


(b)  Identify  all  of  the  Warning  Lights. 


(c)  Identify  all  of  the  check  boxes. 


(d)  Identify  all  of  the  functions  which  are  shown 
on  the  diagram,  but  which  are  not  part  of  the 
system. 


Turn  to  Page 


in  the  ANSWER  book. 
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RE-TEST  E 


Question  2 

What  is  the  beet  GUESS  you  can  make  about  the 
location  of  the  malfunction  in  each  of  the  examples 
below?  Assume  there  is  only  one  malfunction  in 
each  problem. 


(a) 


Best  GUESS: 


(b) 


Best  GUESS: 


Turn  to  the  next  page  and  continue  this  question. 
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(c) 


Best  GUESS: 


Turn  to  Page 


in  the  ANSWER  book. 
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RE- TEST  E 


QueBtion  3 

What  is  the  best  GUESS  you  can  make  about  the 
location  of  the  malfunction  in  each  of  the  examples 
below?  Assume  there  is  only  one  malfunction  in 
each  problem. 


Best  GUESS: 


(b) 


Best  GUESS: _ 

Turn  to  Page  in  the  ANSWER  book. 
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RE- TEST  E 


Queition  4 

What  if  the  beat  GUESS  you  can  make  about  the 
location  of  the  malfunction  in  each  of  the  examples 
below?  Assume  there  is  only  one  malfunction  in 
each  problem. 


(a) 


Best  GUESS: 


Best  GUESS: 


Turn  to  Page  in  the  ANSWER  book. 
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RE- TEST  E 


Question  5 

What  GUESS  would  you  make  about  the  location 
of  the  malfunction  in  each  of  the  problems  below  ? 
(a) 


I - *J 


Primary  GUESS: _ 

Secondary  GUESS: _ 

(b)  Suppose  you  know  that  there  is  NO  trouble  in 
Box  1  or  in  Box  2  in  the  example  above.  What 
would  you  guess  about  the  location  of  the 
malfunction  ? 


Turn  to 


in  the  ANSWER  book. 
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RE-TEST  E 


Question  6 


What  is  your  primary  GUESS  about  the  loca¬ 
tion  of  the  malfunction  in  the  diagram  above? 

Primary  GUESS: _ 

What  is  your  secondary  GUESS  ? _ 


Turn  to  Page 


in  the  ANSWER  book. 
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RE-TEST  E 


Question  7 

(a)  Can  a  bad  input  to  the  area  checked  by  a 
check  circuit  cause  an  alarm? 


(b)  When  you  have  an  alarm,  is  it  more  likely 
to  be  caused  by  a  malfunction  within  the  area 
checked  by  the  alarm  or  by  a  bad  input  to  the 
area? 


Turn  to  Page  in  the  ANSWER  book. 
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LESSON  6 


In  this  lesson  you  will  learn: 

Why  you  must  use  the  CHECK  step  in  the 
troubleshooting  strategy. 


LESSON  6 


Suppose  you  are  working  on  a  troubleshooting  problem  and  you 
have  made  a  GUESS,  in  Phase  I,  about  the  functional  unit  or  box  which 
contains  the  malfunction.  What  would  happen  if  you  had  made  a  wrong 
GUESS?  The  answer  is  that  you  would  waste  a  lot  of  troubleshooting 
time.  The  waste  of  time  is  obvious  if  you  consider  what  would  happen 
in  Phase  II  troubleshooting  when  you  have  made  an  incorrect  GUESS 
during  Phase  I.  If  your  Phase  I  GUESS  had  been  wrong,  you  would 
start  Phase  II  troubleshooting  in  the  wrong  functional  area  and  you 
would,  of  course,  have  a  great  deal  of  difficulty  trying  to  find  an  answer 
to  your  Phase  II  troubleshooting  problem.  In  the  case  of  the  T-2, 

Phase  II  troubleshooting  involves  the  use  of  the  oscilloscope  which  can 
take  a  lot  of  time.  To  avoid  this  loss  of  time,  it  would  be  very  good  to 
have  some  way  to  make  certain  that  your  GUESS  for  Phase  I  is  correct 
before  you  go  on  to  Phase  II  troubleshooting.  What  you  need  is  a 
CHECK  of  your  GUESS  for  Phase  I  that  would  tell  you  whether  or  not 
the  GUESS  is  correct.  The  reason  for  the  CHECK  step  in  the  trouble¬ 
shooting  strategy  is,  therefore,  to  make  sure  that  your  GUESS  for 
Phase  I  has  been  correct  before  you  start  Phase  II  troubleshooting. 

We  said  the  purpose  of  a  CHECK  is  to  make  sure  that  the  GUESS 
for  Phase  I  has  been  correct.  The  fact  of  the  matter  is,  we  can  never 
be  sure  that  a  GUESS  has  been  correct  until  the  system  has  been 
repaired  and  has  been  put  back  on  the  air.  Actually,  we  mean  that  we 
want  to  be  highly  confident  that  the  GUESS  has  been  correct.  The 
difference  between  being  sure  about  a  GUESS  and  being  confident  is 
important  in  the  troubleshooting  strategy  because  it  is  the  degree  of 
confidence  which  determines  whether  or  not  we  need  a  CHECK. 
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Therefore,  let  as  talk  a  bit  more  about  what  c(mfldence  means. 

There  are  very  few  things  in  this  world  about  which  you  can  be 
sure.  For  example,  you  cannot  be  sure  that  the  world  will  continue  to 
turn  around  on  its  axis  for  another  year;  but  you  may  be  very  confident 
that  it  will  do  so,  and,  your  confidence  in  this  fact  may  be  extremely 
high.  There  are  some  other  facts  about  which  you  may  be  less  confident. 
For  example,  if  the  sun  is  shining  at  noon  and  the  sky  is  clear,  you 
may  be  quite  confident  that  it  will  not  rain  by  one  o'clock;  but  your 
confidence  that  it  will  not  rain  by  one  o’clock  will  be  less  than  your 
confidence  that  the  world  will  continue  to  go  around.  Then  there  may  be 
some  things  about  which  you  are  not  very  confident  at  all.  For  example, 
if  you  are  caught  in  a  traffic  jam  on  your  way  to  catch  a  train,  you  may 
have  very  little  confidence  that  you  will  get  to  the  station  on  time.  Thus, 
you  can  see  that  your  confidence  may  vary  from  low  to  high  depending 
on  the  situation.  It  is  the  same  way  with  the  GUESS  that  you  will  make 
during  Phase  1  about  the  location  of  the  malfunction  in  a  system.  Some¬ 
times  the  GUESS  you  make  about  a  malfunction  will  be  based  on  very 
good  Information  and  you  will  have  high  confidence  that  your  GUESS 
is  correct  even  if  you  do  not  CHECK  it.  Other  times,  the  GUESS  you 
make  will  be  based  on  very  poor  information  and  you  will  have  very 
little  confidence  that  it  is  correct. 

It  is  clear  that  the  real  purpose  of  the  CHECK  step  in  troubleshoot¬ 
ing  strategy  is  to  provide  you  with  confidence  that  your  GUESS  has  been 
correct.  If  you  medce  your  GUESS  for  Phase  I  on  the  basis  of  very  good 
information,  you  may  have  so  much  confidence  in  the  GUESS  that  you 
will  not  need  to  make  a  CHECK.  On  the  other  hand,  very  often  the 
GUESS  that  you  make  during  Phase  I  will  be  based  on  poor  information, 
and  may  be  wrong.  When  the  GUESS  is  based  on  poor  information  and 
your  confidence  that  it  is  correct  is  low,  you  will  want  to  perform  some 
kind  of  CHECK  to  find  out  if  it  is  correct.  Then  if  your  CHECK  agrees 
with  the  GUESS,  you  will  have  high  confidence  that  the  GUESS  has  been 
correct.  On  the  other  hand,  if  your  CHECK  does  not  agree  with  the 
GUESS,  you  will  lose  all  confidence  in  the  GUESS  and  you  must  make 
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a  new  GUESS.  Bemember,  you  want  to  be  confident  that  your  Phaae  I 
troubleshooting  GUESS  has  been  correct  so  that  you  will  not  go  on  to 
Phase  II  on  the  basis  of  an  incorrect  GUESS.  If  you  have  high  confidence 
that  your  GUESS  for  Phase*  I  is  correct,  you  will  be  unlikely  to  start 
Phase  II  troubleshooting  in  the  wrong  box;  therefore,  you  will  be  un¬ 
likely  to  waste  a  lot  of  tinae  in  your  Phase  II  troubleshooting. 


1 .  Why  should  you  CHECK  your  Phase  I  trouble¬ 
shooting  GUESS  before  you  go  on  to  Phase  II? 


2.  If  you  were  very  confident  that  your  Phase  I 
GUESS  were  correct  even  without  making  a 
CHECK,  would  it  be  necessary  to  make  a  CHECK? 


3.  If  you  use  the  GATHERED  information  to  make 
a  GUESS,  can  you  CHECK  that  GUESS  by  GATHER¬ 
ING  the  same  information  over  again? 


4.  Suppose  you  GUESS  that  the  malfunction  is  in 
Box  X,  but  your  CHECK  tells  you  that  the  trouble 
is  not  in  Box  X.  What  would  happen  to  your 
confidence  in  the  GUESS? 


Turn  to  Page  @  in  the  ANSWER  book. 
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If  the  purpose  of  the  CHECK  step  in  the  troubleshooting  strategy 
is  to  get  confidence  in  the  GUESS  so  that  you  can  save  time  in  Phase  n 
troubleshooting,  then  it  is  important  that  the  CHECK  step  itself  not 
require  a  great  deal  of  time.  It  would  be  foolish  to  use  a  CHECK  step 
that  would  take  a  lot  of  time  during  Phase  I  in  order  to  save  time 
during  IHiase  II.  Therefore,  one  criterion  for  a  good  CHECK  step  is 
that  it  be  easy  to  perform. 

Now  that  you  know  the  purpose  of  the  CHECK  step  is  to  gain  con¬ 
fidence  in  your  GUESS,  you  can  see  that  sometimes  you  will  not  need 
to  make  a  CHECK.  Thus,  you  will  not  need  to  make  a  CHECK  when 
your  confidence  in  your  GUESS  is  high  without  a  CHECK.  However, 
the  CHECK  step  is  called  out  as  one  of  the  steps  in  the  troubleshooting 
strategy  to  remind  you  that  you  should  always  consider  whether  or  not 
the  CHECK  step  is  necessary. 

In  general,  when  you  can  directly  inspect  all  of  the  inputs  to  a  box 
and  all  of  the  outputs  from  the  box  with  read-outs  that  you  are  confident 
about,  you  will  not  actually  need  to  make  a  CHECK.  Thus  if  you  have 
a  situation  like  this: 


where  you  can  be  confident  about  your  interpretation  of  the  indicators 
on  the  input  and  output  side  of  the  box,  you  do  not  need  a  CHECK.  If 
you  are  confident  of  your  interpretation  of  PPI-A  and  PPI-B,  then  in 
this  case,  you  can  be  very  c<mfident  that  the  trouble  must  be  in  Box  10. 
In  Phase  I  troubleshooting  of  the  T-2,  there  are  very  few  cases  like 
the  one  shown  in  the  figure  above,  however.  Therefore,  for  most  of  the 
guesses  that  you  make  about  the  locations  of  trouble  in  the  T-2  during 
Phase  1  troubleshooting,  you  will  need  to  perform  a  CHECK  because 
many  times  you  will  not  be  confident  in  your  GUESS  without  making  a 
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CHECK.  That  is  why  you  need  to  know  how  to  carry  out  the  CHECK 
step. 

A  CHECK  is  any  easy-to-perform  step  that  will  independently  test 
your  GUESS.  Thus,  if  you  think  the  malfunction  is  in  a  particular  box, 
you  should  ask  yourself,  "What  can  I  do  to  the  suspected  bad  box  that 
will  give  me  some  new  information  about  whether  or  not  the  malfunction 
is  located  within  it?"  For  example,  if  you  have  guessed  that  the  bad 
read>out  at  PPI-4  in  the  diagram  below  is  caused  by  a  malfunction  in 
Box  1,  a  way  that  you  could  CHECK  this  GUESS  would  be  to  disconnect 
Box  1  (data  line  b)  and  then  take  another  look  at  PPI-4.  If  the  indication 
of  the  trouble  on  PPI-4  disappears  when  Box  1  is  disconnected,  then 
you  will  have  some  new  information  about  your  GUESS  that  will  support 
your  GUESS,  and  you  should  have  high  confidence  that  the  malfunction 
is  really  in  Box  1 . 


In  the  T-2,  there  is  a  special  reason  why  you  need  to  use  a  CHECK 
step  in  your  Phase  I  troubleshooting  strategy.  The  special  reason  is: 
when  the  T-2  is  operating  normally,  it  is  processing  raw  video  data 
making  the  interpretati;;a  of  PPI  read-outs  difficult.  It  is  difficult  to 
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Interpret  a  PPI  reading  with  raw  radar  data  conaing  into  the  T-2  because 
you  cannot  tell  exactly  what  a  PPI  display  should  look  like,  ^lien  you 
look  at  a  PPI  display,  there  may  be  a  minor  deviation  in  the  display 
which  indicates  a  malfunction.  But  you  may  not  be  able  to  identify  the 
bad  feature  by  visual  inspection  simply  because  you  have  no  "correct" 
display  to  compare  with  the  "BAD"  one.  Therefore,  you  are  likely  to 
be  misled  in  reading  the  PPI  displays  and  you  are  likely  to  make  incor¬ 
rect  GUESSES  about  the  location  of  a  malfunction.  In  a  later  lesson, 
you  will  learn  to  CHECK  your  GUESSES  about  the  location  of  a  mal¬ 
function  during  Phase  I  troubleshooting  in  the  T-2.  You  will  learn 
special  signals  which  you  Inject  into  the  system  and  which  have  known 
read-out  characteristics  on  the  PPIs.  When  you  inject  these  special 
signals,  you  will  know  ahead  of  time  precisely  what  a  good  PPI  reading 
should  look  like  and  you  can  use  the  PPI  read-outs  with  these  special 
signals  to  CHECK  your  GUESSES.  Thus,  in  carrying  out  Phase  I 
troubleshooting  on  the  T-2,  you  will  base  your  GUESS  about  the  location 
of  a  malfunction  on  read-out  information  that  you  obtain  when  the  system 
is  processing  radar  inputs.  You  will  then  CHECK  those  GUESSES  by 
Injecting  special  signals  into  the  system  to  find  out  whether  or  not  the 
read-outs  will  support  or  confirm  your  GUESS.  If  the  GUESS  you  have 
made  with  normal  radar  Inputs  is  confirmed  by  information  that  you 
obtain  by  injecting  a  special  signal  to  CHECK  the  GUESS,  then  you  will 
have  high  confidence  that  your  GUESS  has  been  correct,  and  you  will 
be  ready  to  go  on  to  Phase  II  troubleshooting  knowing  that  you  will  be 
working  in  the  right  functional  area  of  the  system. 

So  far  in  this  lesson,  you  have  learned  that  the  reason  for  the 
CHECK  step  in  the  troubleshooting  strategy  is  to  give  you  confidence 
that  your  GUESS  for  Phase  I,  about  the  location  of  the  malfunction,  has 
been  correct  so  that  you  will  be  unlikely  to  go  on  to  Phase  H  and  spend 
a  lot  of  time  looking  in  the  wrong  box.  You  have  learned  also  that  you 
must  carry  out  a  CHECK  whenever  you  need  to  improve  your  confidence 
in  a  GUESS  before  you  go  on  to  Phase  II  troubleshooting.  Finally,  you 
have  learned  that  any  procedure  which  is  easy-to-perform  and  which 
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will  give  you  independent  information  about  the  location  of  a  malfunction 
can  be  used  for  the  purpose  of  making  a  CHECK.  The  principle  way 
that  you  will  carry  out  CHECKS  for  the  AN/FST-2  will  be  to  inject 
special  signals  into  the  system^  which  have  known  read-out  character¬ 
istics  that  will  enable  you  to  obtain  independent  information  about  the 
location  of  a  malfunction  in  the  system. 


continuous 

target 

target  / 

position 

B 

speed  \ 

information. 

(This  input  is 
known  to  be  GOOD). 


Suppose  you  read  the  meter  (indicator)  in  the 
system  diagrammed  above  while  the  system  is 
operating  with  a  real  target  100  miles  away,  and 
suppose  you  cannot  detect  anything  wrong  with  the 
read-out.  That  is,  suppose  the  meter  changes 
from  time  to  time  in  an  apparently  normal  way, 
and  that  all  of  the  speed  readings  it  shows  are 
reasonable  ones. 

(a)  Can  you  be  sure  that  there  is  no  trouble  in 
Box  B? 


Turn  to  Page  in  the  ANSWER  book. 


(b)  Suppose  you  decide  that  the  Speed  Meter 
readings  are  just  a  little  too  high  for  a 
normal  target  and  you,  therefore,  GUESS 
that  there  is  a  malfunction  in  Box  B.  Would 
you  be  confident  that  your  GUESS  is  good  ? 

_ high  confidence  _ low  confidence 

Turn  to  Page  in  the  ANSWER  book. 

(c)  Would  you  need  to  CHECK  your  GUESS  that 
Box  B  contains  a  malfunction  ? 

_ Yes  _ ^No 

Turn  to  Page  @  in  the  ANSWER  book. 

(d)  Why  is  it  difficult  to  tell  from  the  Speed  Meter 
whether  or  not  the  output  of  Box  B  is  good? 


Turn  to  Page  in  the  ANSWER  book. 

(e)  How  could  you  CHECK  Box  B? 


Turn  to  Page  in  the  ANSWER  book. 
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This  is  the  last  lesson  in  which  you  will  learn  general  facts  about 
Phase  I  troubleshooting.  In  the  next  lesson,  LESSON  7,  you  will  begin 
to  learn  about  the  specific  steps  that  you  must  take  to  carry  out  Phase  I 
troubleshooting  of  the  Fine  Grain  Data  Section.  Therefore,  the  next 
exercise  is  designed  to  help  you  consolidate  the  GATHER,  GUESS,  and 
CHECK  steps  which  you  learned  in  the  last  three  lessons. 

Diagram  6-1  in  the  Diagram  book  is  a  Phase  I  troubleshooting 
diagram  for  an  imaginary  system.  Because  it  is  an  imaginary  system, 
the  lines  which  connect  the  boxes  have  been  labeled  with  letters  rather 
then  with  words  to  describe  the  data  that  is  flowing  between  boxes. 
However,  you  can  pretend  that  it  is  a  real  system  and  carry  out  Phase  I 
troubleshooting  using  this  diagram.  Turn  to  Diagram  6-1  in  your  dia¬ 
gram  book  now.  Notice  that  the  reading  at  each  indicator  is  shown  on 
the  diagram.  Pretend  the  readings  shown  are  those  which  you  have 
GATHERED  by  reading  the  indicators  on  the  operating  system.  Use  the 
diagram  in  answering  the  questions  in  the  exercise  which  follows. 


(a)  Has  all  of  the  necessary  information  been 
GATHERED? 


(b)  What  are  your  primary  and  secondary 
GUESSES  about  the  location  of  the  mal¬ 
function  in  this  system?  In  making  your 
GUESS,  you  should  assume  that  you  have 
high  confidence  in  the  read-outs  at  PPI-1, 
PPI-2,  and  PPI-3. 


Turn  to 


in  the  ANSWER  book. 
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Use  Diagram  6-2  in  the  Diagram  book  to  answer  the  followinj 


(a)  Suppose  the  read-out  at  PPI-1  in  Diagram 
6-2  is  BAD.  Would  you  need  a  CHECK  to 
determine  whether  or  not  the  trouble  is 
really  in  Box  1  ? 


(b)  Suppose  when  you  interpreted  PPl-4,  you 
were  unable  to  find  any  bad  indication,  but 
the  PPI-5  was  clearly  BAD  and  that  you  had 
an  X  alarm.  What  would  you  GUESS  about 
the  location  of  the  malfunction? 


(c)  If  your  primary  GUESS  were  Box  7  and  your 
secondary  GUESS  Box  5,  in  the  previous 
question,  would  you  need  to  CHECK  those 
GUESSES? 


Turn  to  Page(^^in  the  ANSWER  book. 


I 

i 
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(d)  In  the  Diagram  6-2,  assume  that  you 
have  a  ^  PPI-6  read-out,  and  a 
BAD  PPI-7  read-out,  and  that  you  have 
high  confidence  in  both  of  these  read¬ 
outs.  Would  you  need  to  CHECK  your 
GUESS  that  the  malfunction  is  in  Box  8? 


(e)  Suppose  in  the  above  question,  in  which 
PPI-6  appears  to  be  OK  and  PPI-7  is 
clearly  BAD,  that  you  had  very  little  con¬ 
fidence  in  your  read-outs  at  PPI-6  and  PPI-7. 
Would  you  need  to  CHECK  your  GUESS  that 
the  trouble  is  in  Box  8? 


Turn  to  Page  in  the  ANSWER  book. 


TEST  F 


Question  1 


Turn  to  Page 


Turn  to  Diagram  6-3  in  your  DIAGRAM  book. 
There  are  four  different  troubleshooting  problems 
on  Diagram  6-3,  numbered  1,  2,  3,  and  4  to  corres¬ 
pond  to  the  questions  in  this  test.  In  each  problem, 
the  information  that  has  been  GATHERED  is  given 
on  the  diagram.  Answer  the  questions  in  this  test 
using  diagram  1  for  Question  1,  and  so  on. 

(a)  What  box  is  most  likely  to  contain  the  mal¬ 
function  ? 

Box _ 

(b)  If  you  are  highly  confident  that  the 
read-out  at  PPI-6  means  that  the  data  in¬ 
spected  by  PPI-6  are  GOOD,  would  you  need 
to  CHECK  your  GUESS? 


in  the  ANSWER  book. 
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TEST  F 


Question  2 

(a)  What  box  is  most  likely  to  contain  the 
malfunction? 

Box _ 

(b)  Would  you  need  to  CHECK  your  GUESS? 


Turn  to  Page  @  in  the  ANSWER  book. 

Question  3 

(a)  What  box  or  boxes  contain  the  malfunction? 

(b)  Would  you  need  to  CHECK  your  GUESS? 

Turn  to  Page  in  the  ANSWER  book. 

Question  4 

(a)  What  box  or  boxes  contain  the  malfunction? 

<b)  Would  you  need  to  CHECK  your  GUESS? 


Turn  to 


Page 


in  the  ANSWER  book. 
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LESSON  7 


In  this  lesson  you  will  learn: 

To  solve  simple  Phase  I  troubleshooting 
problems  in  the  Fine  Grain  Data  Section  of 
the  AN/FST-2  by  using  a  simplified  trouble¬ 
shooting  diagram  and  the  GATHER,  GUESS, 
CHECK  strategy. 


LESSON  7 


In  the  first  six  lessons  you  learned  how  to  interpret  a  trouble¬ 
shooting  diagram  of  a  system,  and  you  learned  some  basic  facts  about 
the  troubleshooting  process.  In  this  lesson,  you  will  begin  to  learn 
to  apply  these  facts  to  Phase  I  troubleshooting  of  the  Fine  Grain  Data 
Section  of  the  AN/FST-2. 


Turn  to  Diagram  7-1  in  your  Diagram  book. 
Leave  this  diagram  open  so  that  you  can  re¬ 
fer  to  it  from  time  to  time  as  you  read  the 
material  in  this  lesson. 


This  diagram  is  a  simplified  troubleshooting  diagram  of  the  Fine 
Grain  Data  Section.  In  the  next  lesson,  more  information  will  be 
added  to  this  diagram,  but  for  now  this  simplified  diagram  will  be  used 
This  diagram  can  be  used  to  help  you  GUESS  the  location  of  a  malfunc¬ 
tion.  The  purpose  of  the  following  exercise  is  to  familiarize  you  with 
this  diagram. 


Turn  to  Page  7-3  and  do  the  exercise. 


7-2 


1 .  Locate  the  four  video  quantizing  functions  on 
the  troubleshooting  diagram,  and  write  the 
numbers  of  the  boxes  in  the  space  below. 


2.  In  the  space  below,  list  the  indicators  which 
you  can  use  to  inspect  the  outputs  of  the  four 
video  quantizing  functions. 


3.  (a)  What  indicator  can  be  used  to  inspect  the 
output  of  the  Quantized  Video  Gating  and 
Mapping  function  ? 


(b)  Does  this  indicator  inspect  all  of  the  out¬ 
puts  of  Box  5  ? 


Turn  to  Page  in  the  ANSWER  book. 
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4.  In  terms  of  boxes,  what  area  of  the  system 
is  checked  by  the  V  alarm  on  Diagram  7-1? 


5.  If  you  had  a  V  alarm  and  if  you  knew  for  sure 
that  there  were  no  malfunctions  within  the 
area  that  you  have  just  located,  you  might  ex¬ 
pect  that  the  V  alarm  was  caused  by  a  bad  input 
to  that  area.  Where  would  you  look  to  inspect 
the  input  to  that  area? 


6.  Why  is  a  reading  at  PPI-d  more  comprehensive 
than  a  reading  at  the  VM  PPI  or  at  PPI-S? 


7.  If  you  have  an  H  alarm,  would  it  be  likely  to 
be  caused  by  a  trouble  in  Box  12? 


to  Page  in  the  ANSWER  book 


8.  List  the  numbers  of  the  boxes  which  are  in 
the  area  checked  by  the  L  alarm. 


ft.  If  you  look  across  the  top  of  the  Diagram  7-1, 
you  will  find  that  there  is  a  main  line  of  data 
flow  which  starts  with  the  raw  video  inputs 
through  PPI-V,  PPI-d,  and  the  area  checked 
by  the  L  alarm.  What  is  the  first  function  in 
which  this  line  of  data  joins  the  target  range 
data  which  passes  through  Box  22? 


1 0.  Below  the  top  line  of  data  flow  which  was  just 
described,  there  are  three  other  main  lines  of 
data  flow  that  enter  the  Message  Formation 
function.  Name  the  three  alarms  for  these 
three  lines  of  data  flow. 


to 


in  the  ANSWER  book. 
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11.  Will  a  malfunction  in  Box  17  give  a  bad 
read-out  when  you  have  set  the  RAPPI 
to  read  Phone  Line  2? 


12.  (a)  Where  do  you  look  in  the  troubleshooting 
diagram  to  find  all  of  the  inputs  to  the 
Fine  Grain  Data  Section? 


(b)  How  many  of  them  are  listed? 


13.  What  indicator  is  used  to  read  out  the  final 
output  of  the  Fine  Grain  Data  Section  ? 


Turn  to  Page  in  the  ANSWER  book. 


7-6 


As  you  carried  out  the  exercise  above,  you  should  have  noticed  that 
the  data  flows  from  left  to  right  across  the  diagram.  You  should  also 
have  noticed  that  all  of  the  arrows  in  the  diagram  are  labeled  to  tell 
what  data  passes  from  one  function  to  another.  Each  of  the  boxes  in  the 
diagram  is  also  named.  Some  of  the  names  which  are  used  for  the 
boxes  may  not  be  familiar  to  you,  but  they  have  been  carefully  selected 
to  describe  the  functions  which  are  carried  out  by  each  of  the  boxes. 

The  names  are  different  from  those  you  are  familiar  with  because  the 
boxes  describe  the  Fine  Grain  Data  Section  in  a  way  which  differs  from 
the  block  diagrams  you  have  seen.  The  specific  hardware  components 
which  carry  out  each  function  shown  in  the  diagram  could  be  listed,  but 
you  would  not  need  the  list  of  hardware  until  you  go  on  to  the  next  step 
in  troubleshooting.  Phase  I  will  not  take  you  further  than  the  functional 
boxes  shown  in  the  diagram. 

Like  the  troubleshooting  diagrams  which  you  saw  in  the  first  six 
lessons,  this  diagram  contains  two  main  elements;  boxes  which  imply 
functions,  and  circles  (or  semi-circles)  which  imply  read-outs. 

The  indicators  (  O'^  ond  ^  *8  )  which  are  shown  in  this  dia¬ 

gram  are  all  of  those  which  you  should  use  in  Phase  I  troubleshooting. 
Ordinarily  in  Phase  I  troubleshooting  you  will  never  have  to  use  any 
indicators  other  than  those  shown  in  the  diagram. 

The  boxes  in  the  diagram  identify  all  of  the  possible  answers  to 
any  Phase  I  troubleshooting  problem.  That  is,  at  the  end  of  Phase  I 
troubleshooting  you  should  always  arrive  at  a  conclusion  which  says 
that  the  trouble  is  in  one  of  the  boxes  shown  in  the  troubleshooting  dia¬ 
gram.  The  diagram  not  only  identifies  the  read-outs  where  you  start 
Phase  I  troubleshooting;  it  also  identifies  the  functions  where  Phase  I 
troubleshooting  will  end. 


Turn  to  the  exercise  on  the  next  page.  Page  7-8. 


Turn  to  Page  (n)  in  the  ANSWER  book. 
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When  you  carry  out  Phase  I  troubleahooting  using  this  trouble¬ 
shooting  diagram  you  will  use  the  GATHER,  GUESS,  CHECK  strategy. 
This  is  the  strategy  which  you  were  taught  in  the  first  part  of  this 
course.  Now  follow  this  example  of  how  the  strategy  works  when  it  is 
used  to  troubleshoot  the  Fine  Grain  Data  Section. 


1.  GATHER  ALL  OF  THE  INFORMATION. 

In  order  to  carry  out  this  step,  you  must 
inspect  all  of  the  read-outs  shown  on  the 
troubleshooting  diagram.  Turn  to  Diagram  7-2 
now.  This  diagram  displays  the  actual  read¬ 
outs  you  would  obtain  if  there  were  a  particular 
trouble  in  the  Fine  Grain  Data  Section.  Fill  in 
the  blanks  below  with  all  of  the  information  that 
you  GATHER,  using  ^  ,  GOOD,  and  BAD  to 

record  your  readings. 

PPI-1  ? _  ZV  GOOD 

PPI-2  ZH 


Turn  to 


in  the  ANSWER  book. 
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2.  GUESS  WHICH  BOX  CONTAINS  THE  MALFUNCTION 

The  best  guess  that  you  can  make  about  the  location 
of  the  malfunction  is  that  Box  9  is  functioning  improperly. 

Thus,  the  bad  read-outs  at  the  RAPPI,  at  PPI-S,  and  at 
PPI-d  indicate  that  the  main  line  of  data  flow  across  the 
top  of  the  diagram  contains  a  malfunction.  Working  back¬ 
ward  along  that  line  of  data  flow,  we  find  that  the  first 
BAD  read-out  is  at  PPI-D.  PPI-V  as  well  as  VM  PPI 
PPI-1,  PPI- 2,  PPI- 3  and  PPI-X  all  appear  to  be  good, 
although  we  cannot,  of  course,  be  certain  of  this.  How¬ 
ever,  if  we  assume  that  PPI-V  is  good  then  the  trouble 
must  lie  in  one  of  the  functions  between  PPI-V  which  is  ^ 
and  PPI-d  which  is  BAD.  If  the  malfunction  were  in  Box  7 
or  in  Box  8  we  should  have  a  V  alarm,  but  we  do  not. 

This  leaves  the  Statistical  Detection  function  of  Box  9  as 
the  most  likely  source  of  the  malfunction. 

3.  CHECK  YOUR  GUESS. 

For  the  present,  you  will  not  be  taught  how  to  CHECK 
your  guesses;  you  will  begin  to  learn  about  checking  in 
LESSON  9. 

As  the  example  above  shows,  to  GATHER  the  information  for 
Phase  I  troubleshooting,  you  use  the  rules  you  learned  in  LESSON  4. 

You  must  GATHER  information  from  all  of  the  indicatoi^s  shown  on  the 
Phase  I  troubleshooting  diagram.  Likewise,  in  order  to  GUESS  about 
the  location  of  a  malfunction,  you  must  use  the  rules  you  learned  in 
LESSON  5.  If  you  feel  that  you  need  to  refresh  your  memory  about  how 
to  GATHER  or  how  to  GUESS,  go  back  and  review  these  lessons  now 
before  you  start  Test  G  on  the  next  page.  If  you  think  that  you  can  use 
a  diagram  like  Diagram  7-1  without  review,  go  on  to  Test  G  without  review. 
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TEST  G 


Queation  1 


Turn  to  Page 


Turn  to  Diagram  7-3. 

What  is  the  moat  likely  location  of  the  malfunction 
in  the  ayatem  deacribed  by  thia  diagram  ? 


The  trouble  ia  moat  likely  in  Box 


in  the  ANSWER  book  and  acore  your  own  anawer. 
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TEST  G 


Question  2 

Turn  to  Diagram  7-4, 

What  is  the  most  likely  location  of  the  malfunction 
in  the  system  described  by  this  diagram? 


The  trouble  is  most  likely  in  Box 


Turn  to  Page 


in  the  ANSWER  book  and  score  your  own  answer. 
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TEST  G 


Queation  3 

Turn  to  Diagram  7-5. 

What  is  your  "first  guess"  about  the  location 
of  the  malfunction  in  the  system  described  by 
this  diagram? 


First  GUESS: 


What  is  your  "second  guess"? 


Second  GUESS: 


Turn  to  Page  in  the  ANSWER  book  and  score  your  own  answer. 


TEST  G 


Question  4 

There  is  a  trouble  in  Box  21. 

Indicate  below  the  read-outs  that  you  would  expect 
to  find  at  each  of  the  listed  built-in  indicators  if 
there  were  this  trouble  in  the  system.  You  may 
look  at  Diagram  7-1. 

PPI-1  _ 

PPI-2  _ 

PPI-3  _ 

PPI-X  _ 

PPI-V  _ 

PPI-d  _ 

PPI-S  _ 

RAPPI  (both  phone  lines)  _ 

ZV  _ 

ZH  _ 

ZL  _ 

ZA  _ 

ZF  _ 

ZT 


Turn  to  Page 


in  the  ANSWER  book  and  score  your  own  answer. 


7-14 


TEST  G 


Question  5 


Turn  to  Page 


The  combined  RAPPI  read-out  is  BAD. 

When  the  RAPPI  is  placed  on  Phone  Line  1,  the 
read-out  is  BAD. 

When  the  RAPPI  is  placed  on  Phone  Line  2,  the 
read-out  appears  to  be  OK  as  far  as  can  be 
detected  by  visual  inspection. 

All  the  other  read-outs  appear  OK. 


Where  is  the  malfunction? 
(Use  Diagram  7-1  for  help). 


in  the  ANSWER  book  and  score  your  own  answer. 
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DO  NOT  TAKE  THIS  TEST  UNLESS  YOU  WERE  INSTRUCTED 
TO  DO  SO  ON  PAGE  @  IN  YOUR  ANSWER  BOOK 

RE-TEST  G 


Question  1 

Turn  to  Diagram  7-3. 

\Vhat  is  the  most  likely  location  of  the  malfunction 
-in  the  system  described  by  this  diagram? 


The  trouble  is  most  likely  in  Box 


Turn  to  Page 


in  your  ANSWER  book  and  score  your  answer. 
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RE-TEST  G 


Queatlon  2 


Turn  to  Page 


Turn  to  Diagram  7-4. 

What  is  the  most  likely  location  of  the  malfunction 
in  the  system  described  by  this  diagram  ? 


The  trouble  is  most  likely  in  Box 


in  the  ANSWER  book  and  score  your  own  answer. 
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RE- TEST  G 


Question  3 

Turn  to  Diagram  7-5. 

What  is  your  "first  guess"  about  the  location 
of  the  malfunction  in  the  system  described  by 
this  diagram? 


First  GUESS: 


What  is  your  "second  guess"? 


Second  GUESS: 


Turn  to  Page in  the  ANSWER  book  and  score  your  own  answer. 
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RE- TEST  G 


Question  4 

There  is  a  trouble  in  Box  21. 

Indicate  below  the  read-outs  that  you  would  expect 
to  find  at  each  of  the  listed  built-in  indicators  if 
there  were  this  trouble  in  the  system.  You  may 
look  at  Diagram  7-1. 

PPI-1  _ 

PPI-2  _ 

PPI-3  _ 

PPI-X  _ 

PPI-V  _ 

PPI-d  _ 

PPI-S  _ 

RAPPI  (both  phone  lines)  _ 

ZV  _ 

ZH  _ 

ZL  _ 

ZA  _ 

ZF  _ 

ZT 


Turn  to  Page 


in  the  ANSWER  book  and  score  your  own  answer. 
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RE- TEST  G 


Question  5 


Turn  to  Page 


The  combined  RAPPI  read-out  is  BAD. 

When  the  RAPPI  is  placed  on  Phone  Line  1,  the 
read-out  is  BAD. 

When  the  RAPPI  is  placed  on  Phone  Line  2,  the 
read-out  appears  to  be  OK  as  far  as  can  be 
detected  by  visual  inspection. 

All  other  read-outs  appear  OK. 


Where  is  the  malfunction? 
(Use  Diagram  7-1  for  help). 


in  the  ANSWER  book  and  score  your  own  answer. 
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LESSON  8 


In  this  lesson  you  will  learn: 

1.  How  to  make  a  Phase  I  GUESS  using  a 
complete  Phase  I  troubleshooting  diagram. 

2.  What  the  T  alarm  is  and  how  to  use  it. 

3.  What  the  following  symbols  on  the  GUESS 
diagram  mean:  red  feedback  lines,  green 
arrows,  and  shaded  boxes. 


LESSON  8 


In  previous  lessons  you  have  learned  to  make  guesses  based  on  the 
in-line  indicators  such  as  the  various  PPI  positions  and  the  RAPPI, 
both  alone  and  in  combination  with  the  Warning  Lights.  In  the  last 
lesson  you  were  introduced  to  a  simplified  troubleshooting  diagram  of 
the  Fine  Grain  Data  Section  of  the  AN/FST-2.  Now  you  will  learn  to 
make  Phase  I  GUESSES  using  a  complete  Phase  1  troubleshooting 
diagram. 


Now  obtain  a  plastic  covered  GUESS  job  aid 
and  a  grease  pencil  from  your  Course  Monitor. 

The  diagram  on  this  job  aid  is  the  complete 
troubleshooting  diagram  for  the  Fine  Grain 
Data  Section  of  the  AN/FST-2.  That  is,  it  con¬ 
tains  all  of  the  functions  (represented  by  boxes) 
and  all  of  the  read-outs  (represented  by  circles 
and  semi-circles)  that  you  will  need  in  order  to 
accomplish  Phase  I  troubleshooting.  This  is  the 
diagram  that  you  will  be  given  to  use  as  an  aid 
on-the-job  after  you  have  finished  this  course.  In 
this  lesson  you  will  learn  how  to  utilize  this  com¬ 
plete  troubleshooting  diagram.  Look  at  it  briefly, 
then  put  it  aside  and  go  on  reading  the  lesson. 


There  is  one  alarm  on  the  Warning  Light  panel  that  we  have  not  yet 
used  and  which  is  worthy  of  special  consideration.  This  Warning  Light 
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i8  the  T  alarm.  This  is  a  general  purpose  alarm  which  does  not  give 
you  very  precise  information^  but  which  you  may  find  useful  occasionally. 


Look  at  Diagram  8-1  in  your  DIAGRAM  book. 
You  can  see  that  the  T  alarm  is  associated  with 
Box  27  which  is  really  a  check  box  as  shown  by 
the  dotted  outline.  Box  27  is  not  in  the  main  line 
of  data  flow. 


In  order  to  understand  the  T  alarm  and  its  check  circuit,  you  must 
know  about  the  One-Mile  Test  Target.  The  One-Mile  Test  Target  is 
not  a  real  target.  Rather,  it  is  a  special  piece  of  data  which  is  artifi¬ 
cially  generated  in  Box  6.  The  data  generated  simulate  a  target  at  one 
mile  with,  a  known  azimuth.  The  data  are  processed  through  the  Fine 
Grain  Data  Section  just  like  the  normal  target  data  which  come  out  of 
Box  6.  After  being  processed  within  the  Fine  Grain  Data  Section,  the 
One-Mile  Test  Target  is  displayed  on  the  RAPPI.  You  can  easily 
identify  the  One- Mile  Test  Target  presentation  on  the  RAPPI  because 
it  is  coded  in  the  shape  of  a  square.  You  can  also  use  the  printer  to 
print  out  the  range  and  azimuth  of  the  One-Mile  Test  Target;  and  since 
the  correct  range  and  azimuth  of  this  target  are  known,  you  can  easily 
tell  from  your  print-out  whether  or  not  the  One- Mile  Test  Target  is 
correct. 


Turn  to  the  next  page  and  do  the  exercise. 
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Use  Diagram  8-1  for  the  following  exercise: 

(a)  Where  is  the  One-Mile  Test  Target  generated? 


(b)  What  two  data  are  used  to  generate  the  One- 
Mile  Teat  Target? 


(c)  After  the  One-Mile  Test  Target  data  leaves 
Box  6,  what  boxes  process  the  data  before  it 
appears  on  the  RAPPI? 


(d)  There  are  two  inputs  to  Box  27.  Look  at 
the  names  of  the  data  which  go  to  Box  27. 
Does  Box  27  check  normal  target  data  or  the 
One- Mile  Test  Target  data? 


Turn  to  Page 


in  the  ANSWER  book. 
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Box  27  is  a  check  function.  However,  it  does  not  check  on  the 
processing  of  normal  target  data;  rather,  it  checks  whether  or  not  the 
One-Mile  Test  Target  has  been  processed  properly.  The  idea  behind 
Box  27  is  this:  if  there  is  a  malfunction  in  one  of  the  boxes  through 
which  the  One-Mile  Test  Target  is  processed,  then  the  malfunction  will 
be  likely  to  affect  the  One-Mile  Test  Target  data,  as  well  as  normal 
target  data.  Therefore,  if  the  One-Mile  Test  Target  data  comes  out  all 
I'lgkt,  you  can  expect  that  the  normal  target  data  is  being  processed 
correctly.  However,  you  cannot  be  certain  that  there  is  no  malfunction 
just  because  the  One-Mile  Test  Target  checks  out  all  right  at  Box  27. 

One  reason  that  you  cannot  rely  on  Box  27  as  a  complete  check  of  the 
One- Mile  Test  Target  is  because  Box  27  simply  checks  the  time  at 
which  the  One-Mile  Test  Target  is  transferred;  it  does  not  check  whether 
or  not  the  data  are  correct  with  respect  to  range  and  azimuth.  You  can, 
however,  use  the  test  target  print-out  to  check  the  range  and  azimuth 
of  the  transferred  test  target  data.  Ordinarily,  you  should  use  the  test 
target  print-out  in  conjunction  with  the  T  alarm  on  Box  27.  The  diagram 
below  shows  how  the  data  which  generate  the  test  target  also  go  to 
Box  27,  and  how  the  test  target  data  which  is  processed  through  Box  7, 

9, 10, 12, 13, 14,  and  16  cause  a  transfer  signal  to  be  sent  to  Box  27  so 
that  the  comparison  can  be  made  in  Box  27. 


Compare  the  figure  on  Page  8-6  with  Diagram  8-1. 


Turn  to  the  next  page  and  continue  the  lesson. 


The  figure  on  Page  8-6  ehowe  how  you  can  use  Box  27  as  a  check 
circuit.  In  using  Box  27  as  a  check  circuit,  you  should  treat  Boxes  6, 

1,  9, 10, 12, 13, 14,  and  16  as  one  function  because  when  you  get  a  T  alarm, 
you  cannot  tell  which  of  these  boxes  contains  the  malfunction  which 
might  have  caused  the  alarm.  You  can  also  see  in  the  figure  on  Page 
8-6  that  if  you  want  to  tell  whether  or  not  the  failure  is  in  Box  27  itself, 
you  can  use  the  test  target  print-out  as  an  in-line  indicator  just  like  you 
use  the  PPIs  as  in-line  indicators  with  other  check  circuits.  If  you 
have  a  T  alarm  but  if  the  test  target  print-out  is  GCX>D,  then  you  know 
that  you  should  GUESS  Box  27  as.the  location  of  the  malfunction. 

To  review: 

1 )  AT  alarm  may  be  caused  by  a  malfunction  in  one  of  the 
boxes  which  process  the  One- Mile  Test  Target  data;  that  is. 

Boxes  6, 7,  9, 10, 12, 13, 14,  or  16.  Ordinarily,  if  the  T  alarm 
is  caused  by  a  malfunction  in  one  of  these  boxes,  you  will  also 
have  a  bad  PPI  reading  somewhere  —  or  another  alarm. 

2)  If  you  have  a  T  alarm  all  by  itself,  then  the  trouble  may 
be  in  one  of  the  boxes  which  process  the  One-Mile  Test  Target 
data,  or  it  may  be  that  Box  27  itself  is  BAD.  If  you  then  take  a 
test  target  print-out  and  find  that  it  is  GOOD,  you  should  GUESS 
that  the  trouble  is  in  Box  27  and  not  in  one  of  the  main  line 
functions. 

3)  If  you  have  both  a  T  alarm  and  a  bad  test  target  print-out 
and  if  you  can  find  no  other  indication  of  a  malfunction,  then  you 
should  suspect  that  the  trouble  is  in  the  One- Mile  Test  Target 
generation  function  which  is  in  Box  6,  because  a  failure  in  this 
generation  function  could  cause  only  the  One- Mile  Test  Target 
to  be  bad;  the  normal  target  data  would  still  be  processed 
properly. 


Turn  to  the  next  page  and  do  the  exercise. 


The  T  alarm  and  Box  27  represent  a  typical 
check  circuit  arrangement.  What  is  the  proper 
in-line  indicator  to  use  when  the  only  indication 
of  a  malfunction  that  you  have  is  a  T  alarm  ? 


Turn  to  Page  @  in  the  ANSWER  book. 


Suppose  you  have  a  T  alarm,  a  BAD  test  tar¬ 
get  print-out,  and  a  BAD  RAPPI  presentation. 
Considering  only  this  information,  what  boxes 
might  contain  the  malfunction? 


Turn  to 


in  the  ANSWER  book. 
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Now  we  are  going  to  introduce  another  new  symbol,  the  symbol  for 
feedback  lines. 


Turn  to  your  GUESS  job  aid  now.  As  you  can  see 
from  this  diagram,  feedback  lines  are  shown  in  red. 
Therefore,  when -you  are  making  a  guess  as  to  the 
location  of  a  malfunction,  the  red  feedback  lines 
should  serve  as  a  warning  that  the  trouble  may 
actually  be  due  to  a  feedback  signal. 


Feedback  lines  make  it  more  difficult  to  make  a  guess  about  the 
location  of  a  malfunction.  Consider,  for  example,  the  target  status 
feedback  line  which  goes  from  Box  10  to  Box  9.  Because  of  this 


feedback  line,  the  read-outs  that  you  would  GATHER  if  there  were  a 
trouble  in  Box  9  might  be  exactly  the  same  as  the  read-outs  for  a 
trouble  in  Box  10.  For  example,  if  there  is  a  malfunction  in  Box  9  (as 
shown  in  the  figure  below),  it  will  cause  a  bad  output  which  will  cause: 
a  BAD  PPI-d,  and  an  H  alarm.  The  H  alarm  may  be  set  off  by  the 
bad  input  to  Boxes  1 0  and  1 1 . 


3.  BAD  output  cBuiei 
BAD  H  tlarm 


You  might  think  that  this  pattern  of  read-outs  could  clearly  tell  you 
that  the  trouble  is  in  Box  9  because  you  might  think  that  a  trouble  in 
Box  10  could  not  cause  a  BAD  PPI-d.  However,  because  of  the  feed¬ 
back  line  from  Box  10  to  Box  9,  a  trouble  in  Box  10  could  cause  a  BAD 
PPI-d.  To  see  how  this  could  happen,  read  the  explanation  on  the 
next  page. 
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Suppose  .that  you  have  both  an  H  alarm  and  a 
T  alarm  and  that  the  other  indicators  appear  to 
be  all  right.  Will  the  T  alarm  help  you  to  locate 
the  trouble? 


Turn  to  Page  in  the  ANSWER  book. 


Now  we  are  going  to  introduce  another  new  symbol,  the  symbol  for 
feedback  lines. 


Turn  to  your  GUESS  job  aid  now.  As  you  can  see 
from  this  diagram,  feedback  lines  are  shown  in  red. 
Therefore,  when  -you  are  making  a  guess  as  to  the 
location  of  a  malfunction,  the  red  feedback  lines 
should  serve  as  a  warning  that  the  trouble  may 
actually  be  due  to  a  feedback  signal. 


Feedback  lines  make  it  more  difficult  to  make  a  guess  about  the 
location  of  a  malfunction.  Consider,  for  example,  the  target  status 
feedback  line  which  goes  from  Box  10  to  Box  9.  Because  of  this 
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feedback  line,  the  read-outs  that  you  would  GATHER  if  there  were  a 
trouble  in  Box  9  might  be  exactly  the  same  as  the  read-outs  for  a 
trouble  in  Box  10.  For  example,  if  there  is  a  malfunction  in  Box  9  (as 
shown  in  the  figure  below),  it  will  cause  a  bad  output  which  will  cause; 
a  BAD  PPI-d,  and  an  H  alarm.  The  H  alarm  may  be  set  off  by  the 
bad  input  to  Boxes  1 0  and  1 1 . 


3.  BAD  output  cause! 
BAD  H  slsrtn 


You  might  think  that  this  pattern  of  read-outs  could  clearly  tell  you 
that  the  trouble  is  in  Box  9  because  you  might  think  that  a  trouble  in 
Box  10  could  not  cause  a  BAD  PPI-d.  However,  because  of  the  feed¬ 
back  line  from  Box  10  to  Box  9,  a  trouble  in  Box  10  could  cause  a  BAD 
PPI-d.  To  see  how  this  could  happen,  read  the  explanation  on  the 
next  page. 
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Let  U8  suppose  that  Box  10  is  BAD,  as  shown  in  the  figure  below. 
This  would  cause  an  H  alarm  and  might  also  cause  a  bad  feedback  to 
occur  in  Box  9  by  way  of  the  red  target  status  feedback  line.  This,  in 
turn,  would  cause  a  BAD  read-out  at  PPI-d.  Thus,  the  over-all  pattern 
of  read-outs  for  a  malfunction  in  Box  10  might  be  exactly  the  same  as 
the  pattern  for  a  trouble  in  Box  9  due  to  the  fact  that  there  is  a  feedback 
line  between  Boxes  10  and  9.  With  a  trouble  in  Box  10,  the  read-outs 
might  be:  a  BAD  PPI-d,  and  an  H  alarm. 


3.  Mklfunction  in  Box  10 
causes  H  alarm 


causes  BAD  feedback 


Thus,  you  can  see  that  when  you  are  guessing  you  must  take  care 
to  notice  whether  or  not  a  feedback  line  is  involved  in  the  area  of  the 
malfunction.  If  there  is  a  feedback  problem  you  may  have  to  make 
both  a  primary  and  a  secondary  GUESS  about  the  location  of  the  trouble. 
In  the  example  we  have  just  discussed,  you  might  make  Box  9  your 
"first  GUESS"  and  Box  10  your  "second  GUESS.  " 
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The  target  transfer  feedback  line  which  goes  from  Box  16  to  Box  10 
can  also  cause  difficulty  when  you  are  making  a  guess  about  the  location 
of  a  malfunction  that  is  in  the  general  area  of  those  two  functions  on 
your  troubleshooting  diagram.  That  is,  a  malfunction  in  Box  16  might 
feed  back  bad  data  to  Box  10  and  thus  cause  misleading  read-outs  at 
ZH,  ZL,  and  PPI-S.  The  other  feedback  lines  that  might  cause  trouble 
are  those  which  feed  back  a  sample  of  all  the  shaped  video  inputs  from 
Box  5  to  Quantizers  1,  2,  and  3. 

Notice  that  the  line  labeled  "One- Mile  Test  Target  transfer  signal" 
which  goes  from  Box  16  to  Box  27  is  printed  in  black.  This  line  is  not 
a  feedback  line  in  spite  of  the  fact  that  it  runs  opposite  to  the  main  line 
of  data  flow. 


Describe  how  a  malfunction  in  Box  10  could 
cause  the  same  indications  as  a  malfunction  in 
Box  9. 


The  answer  to  this  Exercise  Question  is  given  on  Pages  8-10  and 
8-11  in  this  TEXTBOOK. 
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Now  look  at  the  diagram  on  your  GUESS  job 
aid.  There  is  a  new  box  at  the  top  of  the  diagram. 
Box  28,  and  a  new  set  of  symbols  in  this  diagram, 
the  green  arrows  at  Boxes  7, 10, 13, 14,  and  16. 
Notice  that  the  green  arrows  which  represent  the 
inputs  from  the  mechanical  drum  (Box  28)  are 
drawn  in  a  special  way.  They  are  drawn  in  this 
way  merely  to  prevent  confusion  in  the  trouble¬ 
shooting  diagram.  If  the  lines  from  the  drum  were 
drawn  like  the  other  lines  they  would  be  hard  to 
follow.  Notice  also  that  the  outputs  from  the  drum 
system  are  divergent  and  concentrated  in  a  rela¬ 
tively  small  area  of  the  troubleshooting  diagram. 


Thus,  you  can  see  that  a  drum  failure  will  probably  cause  only  the 
following  indications;  ZV,  ZH,  ZL,  PPI-d,  PPI-S,  and  the  RAPPI. 

If  a  malfunction  occurs  in  the  mechanical  drum  system  it  is  apt  to  cause 
all  of  these  indicators  to  be  BAD.  Therefore,  whenever  you  have  a  V, 

H,  and  L  alarm,  or  even  just  a  V  and  L  alarm  occurring  together,  you 
should  always  expect  that  the  malfunction  is  due  to  a  bad  input  from  the 
mechanical  drum  system  and  that  the  trouble  might  be  located  in  Box  28. 
However,  a  malfunction  in  the  mechanical  drum  system  might  only 
cause  a  V  alarm.  In  this  case  it  would  appear  the  same  as  a  trouble  in 
the  check  circuit  in  the  area  checked  by  the  V  alarm.  Box  8.  Therefore, 
whenever  a  V  alarm  occurs  in  the  absence  of  any  other  bad  read-outs, 
you  should  always  suspect  a  malfunction  in  the  drum.  Box  28,  as  your 
second  GUESS.  Box  8  would,  of  course,  be  your  first  GUESS. 

Turn  to  the  next  page  and  do  the  exercise. 
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Turn  to  Page 


Study  the  diagram  on  your  GUESS  job  aid 
and  identify  the  main  line  functions  that  will 
be  directly  affected  by  a  failure  in  the  mechan¬ 
ical  drum  function.  The  box  numbers  of  these 
main  line  functions  are: 


in  the  ANSWER  book. 
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1 .  If  all  of  these  functions  are  badly  affected  by 
a  mechanical  drum  failure,  what  are  the 
three  alarms  that  you  will  obtain? 


2.  If  a  drum  failure  sets  off  the  V,  H,  and  L 
alarms,  it  may  also  cause  a  T  alarm.  What 
data  flow  line  to  Box  27  will  carry  the  bad 
signal  that  will  cause  the  T  alarm  ?  Give  the 
label  of  this  line: 


3.  If  a  V  alarm  occurs  in  the  absence  of  any  other 
bad  read-outs,  what  would  be  your  primary 
and  secondary  GUESSES  as  to  the  location  of 
the  malfunction? 


Turn  to  Page  in  the  ANSWER  book. 
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Look  at  the  diagram  on  your  GUESS  job  aid 
again.  Notice  that  we  have  introduced  the  last 
new  symbol,  shaded  boxes,  on  this  diagram. 


The  shaded  boxes  stand  for  the  functions  which  provide  inputs  to 
the  Fine  Grain  Data  Section.  That  is,  a  shaded  box  stands  for  some¬ 
thing  which  happened  outside  of  the  Fine  Grain  Data  Section  but  which 
can  cause  a  bad  signal  to  be  detected  within  the  Fine  Grain  Data  Section. 
You  need  to  keep  these  functions  in  mind  when  you  are  troubleshooting 
because  sometimes  you  must  guess  that  the  trouble  may  not  be  located 
in  the  T-2  at  all,  but  in  one  of  those  functions  outside  of  the  T-2.  For 
example,  if  you  have  an  R  alarm  and  a  BAD  RAPPI  read-out,  your 
primary  GUESS  should  be  that  the  trouble  is  in  Box  22.  Your  second¬ 
ary  GUESS  should  be  that  it  is  in  some  functional  area  outside  of  the 
T-2  which  provides  the  input  to  Box  22.  You  must  make  this  secondary 
GUESS  because  there  is  no  read-out  which  you  can  use  to  make  sure 
that  the  R  alarm  is  not  caused  by  a  bad  input  to  Box  22.  In  this  case 
you  need  not  consider  that  the  CD  could  be  bad  because  if  it  were,  you 
probably  would  have  an  A  alarm  as  well  as  an  R  alarm  since  the  CD 
input  goes  to  Box  19  and  then  to  Box  20. 

It  will  also  be  useful  in  making  GUESSES  in  regard  to  the  area 
monitored  by  the  A  alarm  to  remember  that  a  trouble  in  Box  19  will 
always  cause  an  A  alarm. 


Turn  to  the  next  page  and  start  Test  H. 
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TEST  H 


Question  1 

What  GUESS  or  GUESSES  would  you  make 
about  the  location  of  the  malfunction  if  you  had 
GATHERED  the  read-out  information  given 
below?  Use  your  GUESS  job  aid  for  help. 


PPI-1 

? 

ZV 

BAD 

PPI-2 

? 

ZH 

BAD 

PPI-3 

? 

ZL 

GOOD 

PPl-X 

? 

ZA 

GOOD 

VM  PPI 

? 

ZR 

GOOD 

PH-V 

? 

ZF 

GOOD 

PPI-d 

BAD 

ZT 

GOOD 

PPI-S  ? 

RAPPI  (1)  BAD 

RAPPI  (2)  BAD 

RAPPI  (both)  BAD 


Turn  to  Page  @  in  the  ANSWER  book. 
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Queation  2 

What  GUESS  or  GUESSES  would  you  make 
about  the  location  of  the  malfunction  if  you  had 
GATHERED  the  read-out  information  given 
below?  Use  your  GUESS  job  aid  for  help. 


PPI-1 

? 

ZV 

GOOD 

PH-2 

? 

ZH 

BAD 

PPI-3 

? 

ZL 

GOOD 

PPI-X 

? 

ZA 

GOOD 

VM  PPI 

? 

ZR 

GOOD 

PPI-V 

? 

ZF 

GOOD 

PPI-d 

? 

ZT 

GOOD 

PPI-S 

? 

RAPPI 

(1) 

BAD 

RAPPI 

(2) 

BAD 

RAPPI 

(both) 

BAD 

Turn  to  Page  in  the  ANSWER  book. 
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TEST  H 


QueBtion  3 


Turn  to  Page 


What  GUESS  or  GUESSES  would  you  make 
about  the  location  of  the  malfunction  if  you  had 
GATHERED  the  read-out  information  given 
below?  Use  your  GUESS  job  aid  for  help. 


PPI-1 

? 

ZV 

GOOD 

PPI-2 

? 

ZH 

GOOD 

PPI-3 

? 

ZL 

GOOD 

PPI-X 

BAD 

ZA 

GOOD 

VM  PPI 

? 

ZR 

GOOD 

PPI-V 

? 

ZF 

GOOD 

PPI-d 

? 

ZT 

GOOD 

PPI-S  ? 

RAPPI  (1)  ? 

RAPPI  (2)  ? 

RAPPI  (both)  ? 


in  the  ANSWER  book. 
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TEST  H 


Question  4 

What  GUESS  or  GUESSES  would  you  make 
about  the  location  of  the  malfunction  if  you  had 
GATHERED  the  read-out  information  given 
below?  Use  your  GUESS  job  aid  for  help. 


PPI-1 

? 

zv 

GOOD 

PPI-2 

? 

ZH 

GOOD 

PPI-3 

? 

ZL 

GOOD 

PPI-X 

? 

ZA 

GOOD 

VM  PPI 

? 

ZR 

GOOD 

PPI-V 

? 

ZF 

GOOD 

PPl-d 

? 

ZT 

BAD 

PPI-S  ? 

RAPPI  (1)  ? 

RAPPi  (2)  ? 

RAPPI  (both)  ? 

One- Mile  Test  Target  print-out:  GOOD 


Turn  to 


Page  (5) 


in  the  ANSWER  book. 
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TEST  H 


Question  5 

What  GUESS  or  GUESSES  would  you  make 
about  the  location  of  the  malfunction  if  you  had 
GATHERED  the  read-out  information  given 
below?  Use  your  GUESS  job  aid  for  help. 


PPI-1 

? 

zv 

BAD 

PPI-2 

? 

ZH 

GOOD 

PPI-3 

? 

ZL 

GOOD 

ppi-y 

? 

ZA 

GOOD 

VM  PPl 

? 

ZR 

GOOD 

PPI-V 

? 

ZF 

GOOD 

PPI-d 

? 

ZT 

BAD 

PH-S  ? 

RAPPI  (1)  ? 

RAPPI  (2)  ? 

RAPPI  (both)  ? 


Turn  to  Page  in  the  ANSWER  book. 
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TEST  H 


Queatlon  6 

What  GUESS  or  GUESSES  would  you  make 
about  the  location  of  the  malfunction  if  you  had 
GATHERED  the  read-out  information  given 
below?  Use  your  GUESS  job  aid  for  help. 


PPI-l 

? 

zv 

GOOD 

PPI-2 

? 

ZH 

GOOD 

PPI-3 

? 

ZL 

GOOD 

PPI-X 

? 

ZA 

GOOD 

VM  PPI 

? 

ZR 

BAD 

PPI-V 

? 

ZF 

GOOD 

PPI-d 

? 

ZT 

GOOD 

PPI-S  ? 

RAPPI  (1)  ? 

RAPPI  (2)  ? 

RAPH  (both)  ? 


Turn  to  Page 


in  the  ANSWER  book. 
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LESSON  9 


In  this  lesson  you  should  learn: 

To  use  the  Wedge  Check  in  Phase  I 
troubleshooting. 


Before  you  begin  this  lesson,  ask  the 
Course  Monitor  for  these  items: 

—  Wedge  Check  job  aid 
—  Spiral  Check  job  aid 
—  grease  pencil 
--  jumper  wire. 


LESSON  9 


In  the  first  six  lessons  you  were  taught  to  use  a  troubleshooting 
strategy  consisting  of  three  steps:  GATHER,  GUESS,  and  CHECK.  In 
the  last  two  lessons  you  leairned  how  to  apply  the  first  two  steps  of  the 
strategy  to  the  AN/FST-2.  That  is,  you  have  learned  to  GATHER  all 
of  the  information  presented  by  the  built-in  indicators  and  to  mark  this 
information  down  on  your  troubleshooting  diagram.  You  have  learned 
to  make  a  GUESS  as  to  the  function  or  box  which  contains  a  malfunction, 
and  in  some  cases,  to  back  up  your  primary  GUESS  with  a  secondary 
GUESS.  In  this  lesson,  you  will  learn  more  about  the  third  step  of  the 
troubleshooting  strategy:  how  to  CHECK  your  GUESSES. 

You  must  learn  to  CHECK  your  GUESSES  because  you  must  be  high¬ 
ly  confident  at  the  end  of  Phase  I  troubleshooting  that  you  have  located 
the  functional  unit  which  actually  contains  the  malfunction.  This  is  im¬ 
portant  because  you  will  start  Phase  II  troubleshooting  in  that  functional 
area.  If  you  have  been  wrong  about  your  Phase  1  GUESS,  and  if  you  then 
start  Phase  II  troubleshooting  by  looking  in  the  wrong  functional  area, 
you  will  waste  a  lot  of  troubleshooting  time.  The  CHECK  step  in  the 
troubleshooting  strategy  is  used  to  increase  your  confidence  that  your 
GUESS  is  correct  before  you  go  on  to  Phase  II  troubleshooting. 

There  is  another  reason  for  making  a  CHECK  at  the  end  of  Phase  I 
troubleshooting.  Sometimes  you  cannot  make  a  single  GUESS  about  the 
location  of  a  malfunction  by  using  combinations  of  built-in  indicators. 
Sometimes,  as  you  learned,  you  will  have  to  make  a  "first  GUESS"  and 
a  "second  GUESS.  "  When  this  happens,  you  need  a  CHECK  procedure 
to  find  out  if  the  first  GUESS  was  correct.  If  your  first  GUESS  turns 
out  to  be  wrong,  you  will  know  that  you  must  go  on  and  CHECK  the 


second  GUESS,  in  order  to  be  confident  that  it  is  a  good  guess  before 
going  on  to  Phase  II  troubleshooting. 


Turn  to  Page  in  the  ANSWER  book. 

In  this  lesson  you  will  learn  about  the  Wedge  Check.  Later  you 
will  learn  about  another  CHECK  procedure. 

So  far  in  this  course  you  have  been  making  all  the  read-outs  from 
the  built-in  indicators  when  normal  radar  inputs  are  being  sent  to  the 
Fine  Grain  Data  Section.  However,  it  is  difficult  to  read  the  various 
PPI  displays  and  the  RAPPI  with  normal  radar  inputs.  This  is  because 
it  is  hard  to  tell  a  good  PPI  or  RAPPI  display  from  a  bad  one  with  nor¬ 
mal  radar  inputs.  When  you  use  the  Wedge  Check  you  will  not  use 
normal  radar  inputs,  but  you  will  use  instead  a  special  injected  signal. 
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In  the  Wedge  Check,  you  will  insert  this  signal  and  you  will  then  use 
the  PPI  and  RAPPI  displays  to  read-out  the  data  which  result  from  the 
injected  signal.  Unlike  normal  radar  data,  however,  the  Wedge  signal 
produces  a  very  easily  recognized  GOOD  pattern  on  the  RAPPI  and  PPI-S 
if  there  is  no  malfunction  in  the  area  of  the  system  you  are  checking. 

The  Wedge  Check  is,  therefore,  a  very  useful  CHECK  because  it  is  easy 
to  tell  whether  or  not  the  RAPPI  and  PPI-S  read-outs  are  GOOD  or 
BAD  when  the  Wedge  is  inserted. 


The  Wedge  is  a  signal  of  known  values  which 
is  inserted  to  CHECK  the  function  of  a  small 
area  of  the  Fine  Grain  Data  Section.  These 
known  values  give  certain  definite  read-outs  on 
the  RAPPI  and  PPI-S  if  there  is  no  malfunction 
in  the  area  being  CHECKED.  If  there  is  a  mal¬ 
function,  these  read-outs  will  deviate  from  the 
normal  in  a  way  which  will  enable  you  to  identify 
the  particular  function  or  box  which  contains  the 
malfunction.  What  advantage  does  this  afford 
over  the  random  type  read-outs  such  as  you  get 
with  normal  target  data? 


Turn  to  Page  in  the  ANSWER  book. 
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Now  look  at  your  plastic  covered  GUESS  job 
aid.  On  this  job  aid  you  should  find  a  green  line 
around  Boxes  12,  13,  14,  and  15.  The  Wedge 
Check  is  used  to  CHECK  any  GUESS  that  the  mal¬ 
function  in  the  system  is  in  a  box  within  this 
green  line. 

For  example,  suppose  when  you  GATHER  in¬ 
formation  you  find  the  following  pattern  of  read¬ 
outs: 


PPI-1 

•> 

zv 

GOOD 

PPI- 2 

? 

ZH 

GOOD 

PPI- 3 

? 

ZL 

BAD 

PPI-X 

? 

ZA 

GOOD 

VM  PPI 

? 

ZR 

GOOD 

PPI-V 

? 

ZF 

GOOD 

PPI-d 

? 

ZT 

GOOD 

PPI-  S  ? 

RAPPI-1  BAD 

RAPPI-2  BAD 

RAPPl  (both)  BAD 

Take  your  plastic  covered  GUESS  job  aid  and 
the  grease  pencil  and  mark  the  read-outs  given 
above  on  the  job  aid  in  the  appropriate  o's. 

Then  use  the  job  aid  to  help  you  GUESS  which 
box  contains  the  malfunction. 


Turn  to 


in  the  ANSWER  book  . 
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Now  before  you  go  on  to  Phase  II  troubleshooting,  you  want  to  be 
highly  confident  that  your  Phase  I  GUESS  has  been  correct.  What  you 
must  do  is  CHECK  your  first  GUESS,  Box  14,  before  you  are  through 
with  Phase  I  troubleshooting.  How  can  you  CHECK  your  GUESS  that 
the  trouble  is  in  Box  14? 


Look  at  your  GUESS  job  aid.  You  will  find  that 
Box  14  is  inside  a  green  rectangle  which  encloses 
several  boxes  on  the  GUESS  job  aid.  Whenever 
you  GUESS  that  the  trouble  is  in  one  of  the  boxes 
within  the  green  line,  you  should  use  the  Wedge 
Check  to  CHECK  your  GUESS. 

List  below  ail  of  the  boxes  which  you  should 
CHECK  by  means  of  the  Wedge  Check. 


Turn  to  Page  in  the  ANSWER  book. 


Since  your  primary  GUESS  was  Box  14,  you  will  have  to  use  the 
Wedge  Check  to  satisfy  yourself  as  to  whether  or  not  Box  14  is  a  good 
guess.  How  do  you  carry  out  the  Wedge  Check?  You  should  use  the 
Wedge  Check  job  aid  to  help  you  carry  out  the  Wedge  Check. 


Turn  to  the  next  page  and  do  the  exercise. 


Use  the  Wedge  Check  job  aid  to  help  you 
answer  the  questions  below: 

1.  At  the  top  of  the  Wedge  job  aid  there  is  a 
diagram  which  describes  the  area  of  the 
Fine  Grain  Data  Section  which  is  checked 
by  means  of  the  Wedge  Check.  This  diagram 
shows  all  of  the  boxes  which  are  within  the 
green  line  on  the  GUESS  diagram.  However, 
it  is  not  exactly  the  same  as  the  diagram  on 
the  GUESS  job  aid.  On  the  Wedge  job  aid. 
Box  14  is  broken  down  into  three  component 
functions:  Boxes  14a,  14b,  and  14c.  Which 
of  these  three  boxes  are  used  to  carry  out 
the  function  which  is  shown  as  Box  14  on  the 
GUESS  job  aid? 


2.  When  should  you  use  the  Wedge  Check? 


3.  Do  you  need  any  special  equipment  to  insert 
the  Wedge? 


Turn  to  Page  in  the  ANSWER  book. 
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4.  After  you  have  inserted  the  Wedge  signal, 
what  indicator  should  you  look  at  first  ? 


5.  What  is  the  most  important  thing  to  look  for 
to  determine  whether  or  not  you  have  a  GOOD 
Wedge  pattern  on  PPI-S? 


6.  Will  the  display  on  PPI-S  look  different  for  a 
system  with  SIF  as  compared  with  a  system 
that  does  not  have  SIF? 


Turn  to  Page  in  the  ANSWER  book. 


Turn  to  Page  in  the  ANSWER  book. 
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Back  on  Page  9-6,  we  said  that  the  best  GUESS  that  you  could  make 
about  the  location  of  the  malfunction  in  the  problem  we  were  considering 
was  Box  14.  We  GUESSED  Box  14  because  we  had  an  L  alarm,  an 
apparently  good  PPI-S,  and  a  BAD  RAPPI.  Now  suppose  we  want  to 
CHECK  that  GUESS.  The  way  to  do  it  is  to  follow  Instruction  ^^near 
the  bottom  of  the  Wedge  job  aid.  If  your  system  does  not  have  SIF,  you 
should  use  the  table  at  the  left  near  the  bottom  of  the  job  aid.  If  your 
system  does  have  SIF,  you  should  of  course  use  the  table  at  the  right 
side  of  the  job  aid,  near  the  bottom.  Let  us  pretend  that  the  system  we 
are  working  with  does  not  have  SIF.  What  must  be  done  to  CHECK  the 
GUESS  that  the  trouble  is  in  Box  14.  First,  the  Wedge  must  be  inserted 
according  to  the  instructions  given  in  Instruction  B.  Then  we  must  look 
at  the  Wedge  on  PPl-S  and  decide  whether  it  is  either  GOOD  or  BAD. 

Let  us  suppose  that  when  we  do  this,  PPI-S  shows  a  GOOD  Wedge. 

Next  we  must  look  at  the  Wedge  on  the  RAPPI.  Let  us  suppose  that 
when  we  do  this  we  obtain  a  display  like  that  shown  in  note  T  at  the 
bottom  of  the  Wedge  job  aid.  Now  we  can  use  the  table  to  CHECK  our 
GUESS.  At  the  lefthand  side  of  the  table  you  will  find  listed  the  three 
pieces  of  information  to  make  a  CHECK  using  the  Wedge  signal. 


1.  What  are  these  three  pieces  of  information 
that  you  need  to  make  a  Wedge  Check? 


2.  Where  do  you  start  looking  in  the  table  to 
make  a  Wedge  Check? 


Turn  to  Page  in  the  ANSWER  book. 
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In  this  case  we  have  GUESSED  the  trouble  is  in  Box  14  and  we  must 
look  across  the  top  of  the  table  to  find  Box  14  listed.  Under  Box  14  we 
find  that  we  must  have  an  L  alarm  and  that  the  Wedge  must  be  GOOD  on 
PPI-S;  but  that  the  Wedge  must  be  BAD  on  the  RAPPI.  That  is  just 
what  we  have  found  and  so  we  can  be  quite  certain  that  the  trouble  is 
really  in  Box  14.  However,  the  Wedge  pattern  on  the  RAPPI  was  not 
just  a  garbled  mess;  rather,  it  was  a  special  kind  of  pattern  like  that 
shown  in  picture  T  at  the  bottom  of  the  Wedge  job  aid  and  according  to 
the  table,  if  the  Wedge  display  is  like  the  one  shown  in  T,  the  trouble 
must  be  in  Box  14b.  Therefore,  we  have  not  only  shown  that  the  GUESS 
about  Box  14  was  good,  but  we  have  also  narrowed  down  the  trouble 
within  Box  14  to  Box  14b:  Lq-L^j  Transfer. 


Now  take  these  materials  and  go  to  your 
Course  Monitor. 

.  This  textbook 
.  The  GUESS  job  aid 
.  The  Wedge  job  aid 
.  The  jumper  wire  for  inserting 
the  Wedge. 

Tell  your  Course  Monitor  that  you  are  ready  to 
practice  the  Wedge  Check.  Then  with  the  help 
of  the  Course  Monitor  carry  out  the  exercises 
below. 


Go  on  to  the  next  exercise. 
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1 .  Insert  the  Wedge  signal  in  the  off-line  channel 
of  the  AN/FST-2.  Do  this  without  guidance 
from  the  Course  Monitor.  Instead,  use 
Instruction  B  on  your  Wedge  job  aid. 

Look  at  the  GOOD  Wedge  pattern  on  PPI-S 
and  compare  it  with  Instruction  B.  If  the 
system  has  SIF,  the  GOOD  Wedge  pattern  will 
look  like  that  shown  in  note  Y. 


Go  on  to  the  next  exercise. 


2.  Insert  the  Wedge  signal  according  to 
Instruction  C.  Look  at  the  GOOD  Wedge 
pattern  on  the  RAPPI  and  compare  it  with 
Instruction  C  on  the  Wedge  job  aid.  If  the 
system  has  SIF,  the  GOOD  Wedge  pattern  will 
look  like  that  shown  in  note  Z. 

Ask  the  Course  Monitor  to  show  you  some 
BAD  Wedge  patterns.  Look  at  them  both  on 
PPI-S  and  the  RAPPI.  Compare  them  with  the 
GOOD  Wedge  patterns  shown  on  the  Wedge  job 
aid. 


Go  on  to  the  next  exercise. 
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3.  What  is  the  major  difference  between  the 
diagram  at  the  top  of  the  Wedge  job  aid  (with¬ 
in  the  green  line)  and  the  area  within  the  green 
line  of  the  GUESS  job  aid? 


If  you  are  not  sure  of  the  answer  to  this 
question,  ask  the  Course  Monitor  for  help. 


Go  on  to  the  next  exercise. 


Ask  the  Course  Monitor  to  insert  the  Wedge 
exercise  malfunction  in  the  off-line  channel  of 
the  AN/FST-2. 


Use  the  GUESS  job  aid  and  the  Wedge  job  aid  to  carry  out  the  fol¬ 
lowing  exercises.  These  exercises  will  lead  you  through  the  GATHER, 
GUESS,  and  CHECK  steps  of  a  troubleshooting  problem.  Thus,  you 
will  do  all  of  the  Phase  I  troubleshooting  steps  to  locate  a  s  Imulated 
malfunction  in  the  off-line  channel  of  the  T-2. 

Go  on  to  the  next  exercise  after  the  Course  Monitor  announces  that 
he  has  inserted  the  simulated  malfunction. 


Turn  to  the  exercise  on  the  next  page. 
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1.  GATHER  -  After  your  Course  Monitor  has 
inserted  the  problem,  GATHER  all  of  the  in¬ 
formation  which  is  easy  to  collect  and  place 
it  in  the  appropriate  □'  S  on  your  GUESS 
job  aid  with  your  grease  pencil. 


Go  on  to  the  next  exercise  after  you  have  GATHERED  all  of  the  informa¬ 
tion. 


2.  GUESS  -  After  you  have  GATHERED  all  of 
the  information  which  is  easy  to  collect,  place 
your  GUESS  job  aid  on  some  convenient  stand 
or  table. 

Write  a  I  over  the  box  which  represents 
your  first  GUESS  and  a  2  over  the  box  which 
represents  your  second  GUESS  as  to  the  loca¬ 
tion  of  the  malfunction.  It  is  important  that  you 
use  only  the  information  on  your  GUESS  job  aid 
to  make  these  GUESSES.  Do  not  attempt  to 
make  your  GUESSES  from  the  actual  built-in 
indicators  on  the  machine  as  this  will  only  tend 
to  confuse  you.  Once  you  have  GATHERED  the 
information  which  is  easy  to  collect,  walk  away 
from  the  machine  and  use  only  your  GUESS  job  aid 
to  make  your  GUESSES. 


After  you  have  made  your  GUESSES,  turn  to  the  next  page  to  find  out 
if  you  have  reasoned  correctly. 
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FIRST  GUESS 

Your  first  GUESS  should  have  been  that  the  trouble  is  in  Box  15. 
The  reason  is  that  the  L  alarm  tells  you  that  the  trouble  is  probably  in 
the  area  checked  by  the  L  alarm  or  Boxes  13,  14,  and  IS.  The  appar¬ 
ently  good  PPI-S  and  RAPPI  read-outs  tell  you  that  the  trouble  is  most 
likely  in  the  check  circuit.  Box  15. 

SECOND  GUESS 

Your  second  GUESS  might  be  Box  14,  the  main  line  function  asso¬ 
ciated  with  the  L  alarm.  Another  possible  second  GUESS  is  Box  13. 

Now  that  you  have  finished  both  the  GATHER  and  the  GUESS  steps, 
you  must  go  on  and  CHECK  the  first  GUESS. 


If  your  GUESS  is  wrong,  however,  find  out 
why  by  consulting  with  your  Course  Monitor 
before  going  on. 


The  Wedge  Check  provides  a  way  to  CHECK  these  GUESSES.  Notice 
that  Box  15,  your  first  GUESS,  is  located  in  the  area  outlined  in  green 
on  your  GUESS  job  aid.  This  tells  you  that  you  can  CHECK  this  GUESS 
by  using  the  Wedge  Check  as  pointed  out  in  Instruction  A  on  your  Wedge 
job  aid.  In  this  case,  two  of  the  possible  second  GUESSES,  Box  14  and 
Box  13,  are  also  contained  in  the  area  outlined  in  green  on  your  GUESS 
job  aid  so  that  the  Wedge  Check  can  be  used  to  CHECK  both  of  your 
GUESSES. 

The  rest  of  the  exercises  which  follow  aU  have  to  do  with  CHECK¬ 
ING  your  GUESSES. 
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Insert  the  Wedge  signal  according  to 
Instruction  B  on  your  Wedge  job  aid.  Decide 
whether  the  Wedge  is  GOOD  or  BAD  on  PPI-S. 

Then  insert  the  Wedge  according  to  Instruc¬ 
tion  C  and  determine  whether  the  Wedge  is 
GOOD  or  BAD  on  the  RAPPI. 


After  you  have  done  this  exercise,  turn  the  page. 
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You  should  have  seen  a  GOOD  Wedge  both  on  PPI-S  and  on  the 
RAPPI.  (If  you  did  not  decide  that  the  Wedge  pattern  was  GOOD,  repeat 
this  step).  Now  follow  the  reasoning  in  the  next  exercise  using  your 
job  aids. 


Return  the  equipment  to  normal  according  to 
Instruction  D  on  your  Wedge  job  aid.  Then  place 
your  Wedge  Check  job  aid  on  some  convenient 
stand  or  table  and  look  at  Instruction  1  at  the 
bottom  of  the  job  aid.  Follow  Instruction  1  and 
decide  whether  or  not  your  GUESS  has  been 
CHECKED. 

The  CHECK  confirms  that  the  trouble  is  in  Box  15; 

Yes  No 


According  to  Instruction  1,  if  you  GUESS  that  the  trouble  is  in 
Box  15,  you  should  look  down  the  column  under  Box  15.  If  the  entries 
in  that  column  agree  with  what  you  found  while  GATHERING  the  data 
generated  by  both  the  normal  target  data  and  the  Wedge  signal,  you 
have  CHECKED  your  GUESS. 

If  you  look  at  your  notes  on  your  GUESS  job  aid,  you  will  see  that 
you  had  an  L  alarm  with  normal  target  data,  so  your  findings  check 
with  the  first  cell  under  Box  15. 

You  also  observed  a  GOOD  Wedge  on  the  PPI-S  suid  RAPPI  when 
the  Wedge  was  inserted.  This  agrees  with  the  information  in  the  last 
two  cells  under  Box  15. 

Thus,  you  have  CHECKED  your  GUESS  that  the  trouble  is  in  Box  15. 

If  your  first  GUESS  had  not  checked  out,  you  should  go  on  to  CHECK 
your  second  GUESS,  which  in  this  case  might  be  Box  14.  Since  Box  14 
is  broken  into  three  boxes,  14a,  14b,  and  14c  on  your  Wedge  job  aid. 
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you  should  compare  the  information  you  have  already  GATHERED  with 
that  contained  in  the  cells  under  the  column  headed  "Box  14a  or  Box  14b," 
"Box  14b  only,  "  and  "Box  14c  only,  "  until  you  find  one  which  agrees 
with  the  read-outs  you  obtained  with  normal  target  data  and  the  Wedge 
signal.  The  one  which  agrees  will  contain  the  malfunction  and  you  will 
have  CHECKED  your  second  GUESS.  Notice  that  you  can  never  be  sure 
that  a  trouble  is  in  Box  14a  only. 

If  you  had  not  been  able  to  find  a  column  which  agreed  with  the  data 
you  GATHERED,  then  you  should  have  gone  back  to  the  GATHER  step 
and  re-gathered  the  normal  traget  data  read-outs  and  made  two  new 
GUESSES.  Remember  to  consider  the  green  arrows  which  represent 
inputs  from  the  mechanical  drum  system  and  the  red  feedback  lines  when 
making  your  GUESSES. 


Remind  your  Course  Monitor  to  remove  the 
malfunction  from  the  off-line  channel,  return  to 
your  study  area  and  continue  reading  starting  on 
the  next  page.  If  you  have  any  questions  about 
the  Wedge  Check,  ask  your  Course  Monitor  for 
help  now. 
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Pretend  that  there  is  a  malfunction  in  Box  IS. 
Indicate  below  the  read-outs  that  you  would  expect 
to  find  at  each  of  the  listed  built-in  indicators. 
Remember  that  in  the  example  in  Lesson  9,  Page  9-14, 
there  was  a  trouble  in  Box  15. 

With  normal  target  inputs; 

PPI-1  _ 

PPI-2  _ 

PPl-3  _ 

PPI-X  _ 

PPI-V  _ 

PPI-d  _ 

PPI-S  _ 

RAPPI  (both  phone  _ 

lines) 

ZV  _ 

ZH  _ 

ZL  _ 

ZA  _ 

ZR  _ 

ZF  _ 

ZT  _ 

With  the  Wedge  inserted: 

PPI-S  _ (G(X>D  or  BAD) 

RAPPI  _ (GOOD  or  BAD) 

Describe  a  GOOD  Wedge  on  the  RAPPI: _ 


Turn  to  Page  in  the  ANSWER  book. 
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TEST  I 


Question  1 


Turn  to  Page 


(a)  When  should  you  use  the  Wedge  Check? 


(b)  What  is  the  purpose  of  the  Wedge  Check? 


in  the  ANSWER  book  and  score  your  own  answers. 
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TEST  I 


Queatlon  2 


You  have  GATHERED  the  following  information: 

PPI-1 

? 

ZV 

GOOD 

PPI-2 

? 

ZH 

GOOD 

PPI-3 

? 

ZL 

GOOD 

PPI-X 

? 

ZA 

GOOD 

VM  PPI 

? 

ZR 

GOOD 

PPI-V 

? 

ZF 

GOOD 

PPI-d 

? 

ZT 

BAD 

PPI-S 

BAD 

RAPPI  (combined) 

BAD 

RAPPI  (line  1) 

BAD 

RAPPI  (line  2) 

BAD 

Test  Target  Print 

BAD 

(a)  Use  your  GUESS  job  aid  and  GUESS  which 


box  moat  likely  contains  the  trouble. 


(b)  How  would  you  CHECK  that  GUESS? 


Turn  to  Page  in  the  ANSWER  book  and  score  your  own  answers. 


TEST  I 


Question  3 

Suppose  that  you  use  the  Wedge  Check  to 
CHECK  the  GUESS  (Box  12)  that  you  made  in 
the  previous  problem^  and  suppose  that  the 
Wedge  looked  like  this: 

PPI-S  GOOD  Wedge 

RAPPI  GOOD  Wedge 

What  would  these  Wedge  read-outs  prove? 
(Use  your  job  aid  for  help). 


Turn  to 


Page 


in  the  ANSWER  book  suid  score  your  own  answer. 
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LESSON  10 

In  this  lesson  you  should  learn; 

To  use  the  Spiral  Check  in  Phase  I 
trouble  s  hoot  ing. 


LESSON  10 


In  this  lesson,  you  will  learn  about  another  inserted  signal  which 
you  can  use  to  CHECK  your  GUESSES.  This  CHECK  covers  an  area 
of  the  Fine  Grain  Data  Section  which  is  larger  than  the  area  covered  by 
the  Wedge  Check.  This  CHECK  is  used  when  you  have  made  a  GUESS 
that  the  trouble  is  contained  within  the  area  outlined  in  orange  on  your 
troubleshooting  diagram.  It  is  called  the  "Spiral  Check"  and  complete 
instructions  on  how  to  use  it  are  contained  on  the  Spiral  Check  job  aid 
which  you  will  be  allowed  to  use  on  the  job. 

You  may  already  be  familiar  with  the  Spiral  Check,  but  you  have 
probably  not  used  it  for  troubleshooting  purposes  in  the  same  way  that 
you  will  be  taught  to  use  it  in  this  lesson.  You  should  always  use  it 
according  to  the  instructions  on  your  Spiral  Check  job  aid  if  you  are 
employing  the  Spiral  Check  for  Phase  I  troubleshooting  purposes. 


Now,  look  at  the  diagram  at  the  top  of  your 
Spiral  Check  job  aid. 


Notice  that  the  Spiral  Check  enables  you  to  CHECK  a  GUESS  that 
a  malfunction  is  located  in  one  of  the  boxes  within  the  orange  line  on 
your  troubleshooting  diagram.  Notice  also  that  the  diagram  on  the 
Spiral  Check  job  aid  breaks  up  Box  16  into  Boxes  16a,  16b,  and  16c. 

This  means  that  if  you  GUESS  that  a  malfunction  is  in  Box  16,  the  Spiral 
Check  will  enable  you  to  break  the  function  represented  by  Box  16  on 
your  troubleshooting  diagram  into  three  separate  functions  and  will  tell 
you  which  one  of  these  functions  contains  the  malfunction.  Thus,  the 
Spiral  Check  enables  you  to  know,  in  even  more  precise  terms,  where 
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to  begin  Phaae  U  troubleshooting.  The  Spiral  Check,  like  the  Wedge 
Check,  is  based  on  inserting  a  signal  with  known  read-out  characteristics 
into  the  Fine  Grain  Data  Section  of  the  AN/FST-2. 


Use  your  GUESS  job  aid  to  answer  these  questions: 

1 .  Would  you  use  the  Spiral  Check  to  CHECK  a 
GUESS  that  there  is  a  malfunction  in  Box  9? 


2.  Would  you  use  the  Spiral  Check  to  CHECK  a 
GUESS  about  Box  6? 


3.  Would  you  use  the  Spiral  to  CHECK  a  GUESS 
about  Box  23? 


4.  Would  you  use  the  Spiral  to  CHECK  a  GUESS 
about  Box  13? 


c 

0 

I 


Turn  to  the  next  page  and  complete  this  exercise. 
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5.  Would  you  use  the  Spiral  Check  to  CHECK  a 
GUESS  about  a  trouble  in  Box  16b? 


Turn  to  Page 


in  the  ANSWER  book. 


A  Spiral  Check  pattern  is  displayed  on  the  RAPPI,  The  Spiral 
Check  signal  is  a  series  of  targets  generated  in  successive  half  mile 
increments  from  range  count  of  1.5  miles  and  center  azimuth  count  65. 

It  is  continuous  in  azimuth  increments  of  10  and  range  increments  of 
0.5  miles  until  azimuth  count  4095.  When  azimuth  count  4095  is  reached, 
the  insertion  stops  until  azimuth  count  50  occurs,  at  which  time  the  tar¬ 
get  spiral  is  again  started  at  range  count  1.  5  miles.  This  results  in  a 
repetitive  spiral  of  targets  which  are  displayed  on  the  RAPPI.  If  there 
is  no  malfunction  in  the  portion  of  the  Fine  Grain  Data  Section  which  is 
checked  by  the  Spiral  Check,  the  pattern  will  appear  as  a  perfect  spiral 
such  as  the  one  shown  in  Instruction  B  near  the  middle  of  the  Spiral 
Check  job  aid. 

To  use  the  Spiral  Check,  you  must  go  through  a  procedure  which 
is  similar  to  the  procedure  for  using  the  Wedge.  The  steps  in  using 
the  Spiral  are; 

(1)  Be  sure  that  your  GUESS  is  one  of  the  boxes 
that  can  be  checked  by  the  Spiral.  That  is, 
be  sure  that  the  box  is  within  the  area  outlined 
in  orange  on  your  GUESS  job  aid. 
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(2)  Be  eure  that  the  channel  you  are  checking 
ie  not  "on-the-air”. 

(3)  Ineert  the  Spiral  signal. 

(4)  Read  out  the  Indications  you  obtain  when  the 
Spiral  is  being  processed  by  the  Fine  Grain 
Data  Section  and  make  the  necessary  print-outs. 

(5)  Look  at  the  table  in  the  Spiral  Check  job 
aid  to  see  if  the  pattern  of  indications  you 
obtain  is  the  pattern  you  should  obtain  to 
CHECK  your  GUESS. 

If  you  obtain  the  pattern  of  indications  you  should  expect  to  obtain 
(as  indicated  in  the  table)«  then  your  GUESS  will  be  CHECKED,  and  you 
will  be  ready  to  go  on  to  Phase  n  troubleshooting.  If  the  pattern  of  in¬ 
dications  you  obtain  does  not  prove  your  GUESS  to  be  correct,  then  you 
must  proceed  to  CHECK  your  second  GUESS. 

Now,  in  order  to  familiarize  you  with  the  Spiral  Check  job  aid,  do 
the  following  exercise,  using  the  plastic  covered  Spiral  job  aid: 


f 

t 

I 

e 

D 


Use  Instructions  A  and  B  on  the  Spiral  job  aid  to 
answer  the  following  questions: 

(1)  When  should  you  use  the  Spiral  Check? 


(2)  When  is  SI 869  returned  to  the  "Normal"  position? 


Turn  to  the  next  page  and  continue  the  exercise. 
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(3)  Can  you  read  the  Spiral  on  the  RAPPI 
immediately  after  it  is  inserted? 


(4)  How  do  the  following  alarms  (Warning  Lights) 
behave  when  the  Spiral  is  inserted? 

ZH _ 

ZA _ 

ZL _ 

ZT 


Turn  to  Page  in  the  ANSWER  book. 


Now  take  these  materials  and  go  to  your 
Course  Monitor. 

.  This  textbook 
.  The  GUESS  job  aid 
.  The  Wedge  job  aid  and  jumper  wire 
.  The  Spiral  job  aid 

Tell  your  Course  Monitor  that  you  are  ready  to 
practice  the  Spiral  Check.  Then  with  the  help 
of  the  Course  Monitor,  carry  out  the  exercises 
which  follow. 


Go  on  to  the  next  exercise  on  Page  10-7. 
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1 .  Insert  the  Spiral  signal  in  the  off-line 
channel  of  the  AN/FST-2.  Do  this  without 
guidance  from  the  Course  Monitor,  In¬ 
stead,  use  Instruction  B  on  your  Spiral  job 
aid.  After  you  have  inserted  the  Spiral,  go 
to  the  RAPPI  and  make  sure  that  you  have 
done  it  correctly. 

If  you  have  inserted  the  Spiral  correctly, 
you  should  be  able  to  make  the  four  print¬ 
outs  given  in  Instruction  B.  Make  these 
four  print-outs. 

If  you  have  any  trouble  with  this  exercise  ask 
your  Course  Monitor  for  help. 


Go  on  to  the  next  exercise. 


2.  Ask  your  Course  Monitor  to  simulate  mal¬ 
functions  that  will  cause  Spiral  patterns  like 
pictures  W  and  X  at  the  bottom  of  the  Spiral 
job  aid.  Observe  these  patterns  on  the 
RAPPI  and  compare  them  with  notes  W 
and  X.  Ask  your  Course  Monitor  for  help  if 
you  are  not  able  to  match  the  Spiral  patterns 
on  the  RAPPI  with  the  pictures. 


Go  on  to  the  next  exercise. 
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Ask  the  Course  Monitor  to  insert  the  Spiral 
exercise  malfunction  in  the  off-line  channel  of 
the  AN/FST-2. 


Use  the  GUESS  job  aid  and  the  Spiral  job  aid  to  carry  out  the  fol¬ 
lowing  exercises.  These  exercises  will  lead  you  through  the  GATHER, 
GUESS,  and  CHECK  steps  of  a  troubleshooting  problem.  Thus,  you 
will  do  all  of  the  Phase  I  troubleshooting  steps  to  locate  a  simulated 
malfunction  in  the  off-line  channel  of  the  T-2. 

Go  on  to  the  next  exercise  after  the  Course  Monitor  announces  that 
he  has  inserted  the  simulated  malfunction. 


1.  GATHER  -  After  your  Course  Monitor  has 
inserted  the  problem,  GATHER  all  of  the  in¬ 
formation  which  is  easy  to  collect  and  place 
it  in  the  appropriate  o's  on  your  GUESS 
job  aid,  with  your  grease  pencil. 


Go  on  to  the  next  exercise  after  you  have  GATHERED  all  of  the  information. 
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2.  GUESS  -  After  you  have  GATHERED  all  of 
the  information  which  is  easy  to  collect,  place 
your  troubleshooting  diagram  on  some  con¬ 
venient  stand  or  table. 

Write  a  I  over  the  box  which  represents 
your  first  GUESS  and  a  2  over  the  box 
which  represents  your  second  GUESS  as  to  the 
location  of  the  malfunction.  It  is  important 
that  you  use  only  the  information  on  your  GUESS 
job  aid  to  make  these  GUESSES.  Do  not  attempt 
to  make  your  GUESSES  from  the  actual  built-in 
indicators  on  the  machine,  as  this  will  only 
tend  to  confuse  you.  Once  you  have  GATHERED 
the  information  which  is  easy  to  collect,  walk  a- 
way  from  the  machine,  and  use  only  your  GUESS 
job  aid  to  make  your  GUESSES. 


After  you  have  made  your  GUESSES,  turn  to  the  next  page  to  find  out 
if  you  have  reasoned  correctly. 


FIRST  GUESS 

Your  first  GUESS  should  have  been  that  the  trouble  is  in  Box  21 . 

The  reason  ii|  that  the  A  alarna  tells  you  that  the  trouble  is  probably  in 
the  area  checked  by  the  A  alarm.  Box  20  and  Box  21.  The  apparently 
good  RAPPI,  PPIrV,  PPI-D  and  PPI-S  read-outs  tell  you  that  the  main 
line  of  data  flow  is  probably  good.  Therefore  the  trouble  is  most  likely 
in  the  check  circuit  in  the  A  alarm  area  —  Box  21. 

SECOND  GUESS 

Your  second  GUESS  could  be  that  the  trouble  is  either  in  Box  20 
or  Box  19,  or  that  it  is  due  to  one  of  the  unchecked  inputs  to  Box  20,  the 
North  reference  pulse  or  the  azimuth  pulse.  Remember  that  a  trouble 
in  Box  19  will  always  cause  an  A  alarm.  You  would  not  be  likely  to 
GUESS  that  the  clock  pulse  (CD)  is  BAD  because  that  would  cause  an 
error  in  the  Range  Counter  function  (Box  22). 

Now  that  you  have  finished  both  the  GATHER  and  the  GUESS  steps, 
you  must  go  on  and  CHECK  the  first  GUESS. 


If  your  GUESS  was  wrong,  however,  find  out 
why  by  consulting  with  your  Course  Monitor 
before  you  go  on. 


Since  Box  21,  your  first  GUESS,  is  located  in  the  area  outlined  in 
orange  on  the  troubleshooting  diagram,  you  can  use  the  Spiral  Check  to 
CHECK  your  GUESS.  Notice  that  Boxes  20  and  19  are  also  located  in 
the  area  outlined  in  orange.  Thus ,  should  your  first  GUESS  prove 
incorrect,  you  can  also  CHECK  at  least  part  of  your  second  GUESS  with 
the  Spiral  Check.  However,  you  cannot  use  the  Spiral  Check  to  CHECK 
the  two  system  inputs  because  they  are  not  included  in  the  area  out¬ 
lined  in  orange. 
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The  rest  of  the  exercises  in  this  lesson  have  to  do  with  the  use  of 
the  Spiral  to  CHECK  the  GUESS  you  have  just  made. 


Insert  the  Spiral  signal  according  to  the  in¬ 
structions  shown  on  your  Spiral  Check  job  aid 
and  observe  the  Spiral  pattern  which  appears  on 
the  RAPPI.  Keep  your  Spiral  Check  job  aid  with 
you  at  the  RAPPI. 

Decide  whether  or  not  the  Spiral  looks  G(X)D 
by  eye.  If  you  decide  that  it  is  not  a  GOOD  Spiral, 
remember  what  it  looks  like. 


A 


You  should  have  observed  what  appeared  to  be  a  GOOD  Spiral  by 


eye. 


Now  follow  Instruction  1  above  the  table  on 
your  Spiral  job  aid.  Use  the  following  explanation 
for  aid. 

Since  your  GUESS  was  Box  21,  you  should 
enter  the  table  on  the  Spiral  job  aid  by  looking 
at  the  column  labeled  "Box  21".  If  you  read 
down  this  column,  you  will  find  all  of  the  condi¬ 
tions  that  will  prove  a  Box  21  GUESS  to  be  correct. 
These  conditions  are: 


1.  With  the  RAPPI  on  both  phone  lines,  the 
Spiral  by  eye  appears  to  be:  GOOD  Spiral. 

2.  These  print-outs  will  prove  that  the  Spiral 

is  really  sood-  2035  400  2585  510 
IS  really  gooa.  ^^2  2595  512 


3.  ALARM  {with  normal  data  before  inserting 
the  Spiral):  ZA  only. 


Go  on  to  the  next  exercise. 
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You  have  already  obaerved  a  GOOD  Spiral  by  eye  and  obtained  the 
necessary  print-outs  to  prove  that  it  is  a  GOOD  Spiral,  so  you  have 
met  the  first  condition  necessary  to  CHECK  your  Box  21  GUESS. 

You  have  also  observed  an  A  alarm  with  normal  target  data,  so 
you  have  also  met  the  second  CHECK  condition.  (You  will  not  get  an 
A  alarm  with  the  Spiral,  however,  because  the  A  alarm  is  de-activated 
when  you  insert  the  Spiral). 

However,  you  can  still  not  be  sure  that  Box  21  contains  the  mal¬ 
function.  Notice  that  the  last  condition  under  the  column  labeled 
"Box  21"  says  that  an  alternate  GUESS  is  Box  19.  If  you  look  at  the 
left  hand  column  under  the  heading  "Box  19"  on  your  table,  you  will  see 
that  the  conditions  are  the  same  as  those  under  Box  21.  This  means 
that  you  have  an  alternate  GUESS  for  starting  Phase  11  troubleshooting. 
Thus,  if  you  are  unable  to  locate  the  trouble  in  Box  21  when  you  start 
probing  with  the  oscilloscope,  you  should  look  in  Box  19. 

If  your  GUESS  in  regard  to  Box  21  does  not  CHECK,  you  would 
have  to  return  Switch  SI 969  to  the  "N"  position  and  re-evaluate  your 
GUESS,  based  on  the  normal  radar  inputs  before  deciding  to  start 
Phase  II  troubleshooting  on  the  hardware  which  defines  the  system 
inputs.  Remember  the  North  reference  pulse  and  the  azimuth  pulse 
constituted  the  last  part  of  your  second  GUESS,  but  these  could  not  be 
CHECKED  by  the  Spiral  Check.  Also  remember  to  consider  the  green 
arrows  which  represent  inputs  from  the  mechanical  drum  system  and 
the  red  feedback  lines  when  making  your  GUESSES. 


Remember  to  return  Switch  SI  969  to  the  "N" 
position  when  you  have  completed  the  Spiral  Check. 

Ask  the  Course  Monitor  for  help  in  using  the 
Spiral  Check,  if  you  need  it. 
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Remind  your  Course  Monitor  to  remove  the 
malfunction  from  the  off-line  channel.  Then, 
return  to  your  study  area  and  continue  reading, 
starting  with  the  next  paragraph. 


You  should  note  the  following  things  in  regard  to. the  use  of  the 
Spiral  Check: 

1.  You  should  only  use  the  Spiral  Check  when  you  GUESS  that 
a  trouble  is  in  one  of  the  boxes  in  the  area  outlined  in  orange  on 
your  troubleshooting  diagram. 

2.  When  a  Spiral  signal  is  inserted,  the  ZA  alarm  is  de¬ 
activated  but  the  Azimuth  Counter  itself  is  not  de-activated.  Also 
a  ZT  alarm  will  occur,  but  you  can  ignore  the  ZT  alarm  in  this 
case. 


Turn  to  the  next  page  and  do  the  exercise. 
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Use  the  plastic  covered  Spiral  job  aid  for  the 
following  exercise: 

1.  Do  you  need  a  junaper  wire  to  insert  the 
Spiral  signal? 


If  the  Spiral  obviously  looks  BAD,  by  eye, 
should  you  interpret  it  as  ^  or  as  BAD? 


3.  In  order  to  prove  that  a  Spiral  pattern  on 
the  RAPPI  is  GOOD,  how  do  you  do  it? 


4.  Describe  the  two  indications  you  need  to  prove 
that  there  is  a  trouble  in  Box  1 6a,  and  tell  what 
GUESS  you  would  have  made  that  would  lead  you 
to  use  the  Spiral  Check  in  this  case. 


Turn  to  Page  in  the  ANSWER  book. 
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TEST  J 


Question  1 

Record  the  following  read-outs  on  your  GUESS 
job  aid  and  write  your  primary  GUESS,  as  to  the 
box  containing  the  malfunction,  in  the  space  pro¬ 
vided  below.  Also  record  your  secondary  GUESS 
or  GUESSES,  if  you  feel  they  are  necessary.  Des¬ 
cribe  how  you  arrived  at  your  GUESSES. 


PPI-1 

? 

ZV 

GOOD 

PPI-2 

? 

ZH 

GOOD 

PPI-3 

? 

ZL 

GOOD 

PPI-X 

? 

ZA 

GOOD 

VM  PPI 

? 

ZR 

GOOD 

PPI-V 

? 

ZF 

GOOD 

PPI-d 

? 

ZT 

BAD 

PPI-S 

RAPPI  (1) 
RAPPI  (2) 
RAPPI  (both) 

One-Mile  Test 

? 

BAD 

BAD 

BAD 

Target  print-out: 

BAD 

Turn  to 


in  your  ANSWER  book  and  score  your  own  answer 
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TEST  J 


Queation  2 

What  CHECK  would  you  uae  to  CHECK  your 
primary  GUESS  in  the  previoua  queation?  Why 
would  you  uae  thia  CHECK? 


Turn  to  Page 


in  your  ANSWER  book  and  acore  your  own  anawer. 
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TEST  J 


Question  3 


Turn  to  Page 


Assume  that  you  have  inserted  the  Spiral 
signal  according  to  Instruction  B  on  your  Spiral 
Check  job  aid.  How  would  you  enter  the  table 
on  your  Spiral  Check  job  aid  to  CHECK  your  pri¬ 
mary  GUESS  that  the  trouble  is  in  Box  16? 

(Use  your  Spiral  Check  job  aid  to  answer  this 
question). 


in  your  ANSWER  book  and  score  your  own  answer. 
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TEST  J 


Queition  4 


Tarn  to  Pnge 


Noor  aasume  that  after  you  inserted  the  Spiral 
signal  you  obtained  a  Spiral  pattern  on  the  RAPPI 
similar  to  that  shovra  in  note  W  at  the  bottom  of 
your  Spiral  Check  job  aid.  Remember  that  you 
had  a  ZT  alarm  with  the  normal  target  data. 

Which  of  the  three  boxes  listed  under  Box  1 6  would 
contain  the  malfunction? 


in  your  ANSWER  book  and  score  your  own  answer. 
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TEST  J 


Question  5 

Record  the  following  read-outs  on  your  GUESS 
job  aid  and  write  your  primary  GUESS  as  to  the 
box  containing  the  malfunction  in  the  space  pro¬ 
vided  below.  Also  record  your  secondary  GUESS 
or  GUESSES,  if  you  feel  they  are  necessary.  Des¬ 
cribe  how  you  arrived  at  your  GUESSES. 


PPI-1 

? 

ZV 

GOOD 

PPI-2 

? 

ZH 

GOOD 

PPI-3 

•> 

ZL 

GOOD 

PPI-X 

? 

ZA 

GOOD 

VM  PPI 

? 

ZR 

GOOD 

PPI-V 

? 

ZF 

GOOD 

PPI-d 

? 

ZT 

GOOD 

PPI-S 

BAD 

RAPPI  (1) 

BAD 

RAPPI  (2) 

BAD 

RAPPI  (both) 

BAD 

One-Mile  Test  Target  print 

-out: 

BAD 

Turn  to 


in  your  ANSWER  book  and  score  your  own  answer. 


10-20 


TEST  J 


Question  6 

What  CHECK  would  you  use  to  CHECK  your 
primary  GUESS  in  the  previous  question?  Why 
would  you  use  this  CHECK  ? 


Turn  to 


Page 


in  your  ANSWER  book  and  score  your  own  answer. 
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TEST  J 


QueBtion  7 

What  combination  of  read-outs  would  you  need 
before  and  after  the  Wedge  signal  was  inserted  to 
prove  your  primary  GUESS  that  the  trouble  was  in 
Box  12?  <Use  your  Wedge  Check  job  aid  to  answer 
this  question). 


Turn  to  Page 


in  your  ANSWER  book  and  score  your  own  answer. 
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TEST  J 


Question  8 

In  Question  5,  your  second  GUESS  was  that 
the  trouble  was  in  Box  9.  What  CHECK  would 
you  use  to  prove  this  GUESS? 


Turn  to  Page 


in  your  ANSWER  book  and  score  your  own  answer. 
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